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1  |   INTRODUCTION

Deafness, dystonia, and cerebral hypomyelination (DDCH; 
MIM#300475) is an X-linked severe neurological disorder 
caused by hemizygous mutations of BCAP31. This condition 
was first defined in detail by Cacciagli et al.(2013) based on 
the observation of 11 affected male patients from unrelated 

three families through an attempt to identify mutations caus-
ing X-linked intellectual disability by using next-generation 
sequencing (Cacciagli et al., 2013).

Cardinal neurological features of these patients include 
severe motor and intellectual disabilities, sensorineural 
deafness, dystonia, and white matter hypomyelination 
and cerebral atrophy on brain MRI. Another unrelated 
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Abstract
Background: Deafness, dystonia, and cerebral hypomyelination (DDCH) is an 
X-linked disorder due to hemizygous mutations of BCAP31.
Methods: We report an 8-year-old boy with DDCH who possibly accompanied mi-
tochondrial dysfunction. Clinical evaluation, respiratory chain enzyme assay, and 
whole exome sequencing analysis were performed.
Results: Mitochondrial dysfunction was suspected by respiratory chain enzyme 
assay on his cultured skin fibroblasts which showed significantly decreased complex 
I enzyme activity. Whole exome sequencing analysis revealed a recurrent BCAP31 
mutation (c.97C>T:p.Gln33*) which confirmed the diagnosis of DDCH for the 
patient.
Conclusion: We speculate that mitochondrial dysfunction may be a feature in pa-
tients with DDCH.
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patient with DDCH was reported who also showed fea-
tures suggestive of mitochondrial encephalopathy such as 
bilateral increased signal intensity in globus pallidus on 
brain MRI (Albanyan, Al Teneiji, Monfared, & Mercimek-
Mahmutoglu, 2017). While the patient showed pleomor-
phic subsarcolemmal mitochondria collection on electron 
microscopy of muscle, respiratory chain enzyme activities 
of his muscle were normal.

All BCAP31 mutations in four previously reported fami-
lies were loss-of-function variants and inherited from carrier 
mothers. While all carrier females were intellectually normal, 
a mother was reported to have bilateral sensorineural hearing 
loss (Albanyan et al., 2017).

Here we report a patient with DDCH syndrome due to a 
recurrent, de novo, BCAP31 mutation and with possible mi-
tochondrial dysfunction as evidenced by decreased respira-
tory chain enzyme activity of complex I in the cultured skin 
fibroblast as well.

2  |   CLINICAL REPORT

The patient, an 8-year-old male, was born by cesarean section 
after 37-week gestation to a 29-year-old primigravida mother 
and 30-year-old father, both Japanese, healthy and unrelated. 
His birth weight was 1,420  g (−3.6 SD), length 39.6  cm 
(−4.1 SD), and head circumference 28.5 cm (−2.5 SD). He 
was admitted to neonatal intensive care unit and given sup-
plemental oxygen and phototherapy for jaundice for several 
days. A hearing test showed bilateral profound sensorineural 
hearing loss. Esotropia of the right eye was also noted.

First seen by us at age 6 months, he showed dystonic move-
ment characterized by sustained muscle contractions with 
lower limb twisting (Figure 1a). Other features noted were 
downslanted palpebral fissures, epicanthal folds, anteverted 
nares, a long and protruding philtrum, an open mouth with 
tented upper lip vermilion, and low-set ears (Figure 1b,c). 
Strawberry hemangioma on the left parietal region, and 
cryptorchidism on the right side were also noted. He showed 
poor weight gain and marked developmental delay. He could 
control his head at age 2 years 6 months. He often showed 
elevated liver transaminase on febrile infections during early 
childhood.

At the age of 6 years, he developed high fever and in-
voluntary movement associated with marked elevation of 
plasmic liver and biliary enzymes (AST 656  IU/L, ALT 
148IU/L, and direct bilirubin up to 11.3mg/dl). On abdom-
inal ultrasound, small intestinal necrosis associated with 
peritonitis with perforation was highly suspected, which 
was confirmed by an exploratory laparotomy, and then 
the necrotic region was surgically resected. At the age of 
7 years and 9 months, he showed another episode of fever 
with elevated liver enzyme, which was found to be acute 

cholecystitis with gallbladder stones, and then he subse-
quently underwent cholecystectomy.

On brain MRIs at age of 1  year 8  months and 6  years 
2 months, progressive brain atrophy especially in the white 
matter was apparent. Abnormalities also noted on both im-
ages were high intensities in bilateral thalamus and globus 
pallidus and in periventricular deep white matter on T2-
weighted images (Figure 1d,e).

Based on these MRI findings together with his clinical 
manifestations, we consider a possibility of his having mi-
tochondrial dysfunction. Analyses by using his cultured 
skin fibroblasts revealed that activities of respiratory chain 
complexes I, II, III, and IV relative to citrate synthase were 
19.8%, 32.7%, 115.4%, and 39.9%, respectively. The result 
showed possible mitochondrial dysfunction with reduced en-
zymatic activity of complex I.

Seen by us at 8 years 8 months, his height was 104 cm (−4.5 
SD), body weight 14.77 kg (−2.3 SD), and head circumference 
45.1  cm (−5.0 SD). He showed severe motor development 
delay and intellectual disability, and also showed orofacial and 
truncal hypotonia in contrast to spasticity of lower limbs with 
dystonic posture. His best developmental achievement was 
head control and rolling over to the right side.

3  |   GENETIC ANALYSIS

G-banded chromosomal analysis revealed normal karyo-
type. No pathogenic copy number variants were identified 
by chromosomal microarray using Agilent Human Genome 
Microarray 244K (Agilent Technologies). Subsequently we 
performed trio-based whole exome sequencing along the 
“Initiative on Rare and Undiagnosed Diseases in Pediatrics 
(IRUD-P)” project of Japan, and identified a recurrent nonsense 
variant in BCAP31, c.97C>T:p.(Gln33*) (NM_001139441.1), 
in the patient. This variant was not detected in both of his par-
ents. Mitochondrial DNA analysis by whole mitochondrion 
genome sequencing showed no abnormality associated with 
mitochondrial respiratory chain complex deficiencies.

Each genetic analysis was performed after obtaining 
written informed consent from the patient's parents, and 
the whole exome sequencing study through IRUD-P proj-
ect was approved by the institutional review board of our 
hospital.

4  |   DISCUSSION

We reported here a patient with DDCH due to BCAP31 
mutation associated with possible mitochondrial dysfunc-
tion. He had cardinal features of DDCH, including deafness, 
dystonia, severe developmental delay, and myelination ab-
normality, and in addition he showed brain MRI findings 
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suggestive of mitochondrial encephalopathy such as cerebral 
atrophy and high signal intensity in thalamus and globus pal-
lidus on T2-weighed imaging, and then was diagnosed as 
having possible  mitochondrial dysfunction with  decreased 
mitochondrial respiratory chain enzymatic activity of com-
plex I in the cultured skin fibroblast.

Prior to the identification of BCAP31 pathogenic variants 
in patients with DDCH by Cacciagli et al.(2013), patients with 
BCAP31 deficiency had been reported as Xq28 microdeletion 
involving BCAP31 and its franking genes, including SLC6A8 
(proximal to BCAP31) and ABCD1 (distal to BCAP31) 
(Anselm et al., 2006; Calhoun & Raymond, 2014; Corzo et al., 
2002; Iwasa et al., 2013; van de Kamp et al., 2015; Osaka et al., 
2012). Features of DDCH such as deafness, dystonia, severe 
developmental delay, and myelination abnormality were almost 
consistently observed in these patients. Notably, codeletion of 
SLC6A8 with BCAP31 might be at risk for developing mito-
chondrial dysfunction, and codeletion of ABCD1 with BCAP31 
tends to be at risk for developing severe liver failure (Table 1).

In terms of mitochondrial dysfunction, Cacciagli et al. 
(2013) showed altered ER morphology and disorganization 
of the Golgi apparatus in fibroblasts of patients with DDCH, 

while the mitochondrial respiratory chain activities in the 
muscle of a patient in the family were normal and the mi-
tochondrial network displayed a normal morphology in all 
affected fibroblasts. Another patient with DDCH reported 
by Albanyan et al. (2017) showed manifestations sugges-
tive for mitochondrial dysfunction such as  choreoathetosis, 
increased signal intensity in the globus pallidus on MRI 
images, and pleomorphic subsarcolemmal mitochondria col-
lection on electron microscopy in his biopsied muscle, while 
mitochondrial complex chain activities were not decreased as 
was the patient reported by Cacciagli et al. (2013). (Table 1).

Although mitochondrial dysfunction is etiologically ex-
tremely heterogeneous (Kohda et al., 2016; Ohtake et al., 
2014), it could be classified into primary mitochondrial dis-
ease and secondary mitochondrial dysfunction: the former 
due to germline mutations in mitochondrial or nuclear DNA 
genes encoding electron transport chain proteins in oxida-
tive phosphorylation (oxphos), and the latter due to variable 
pathologic processes not involving oxphos genes (Niyazov, 
Kahler, & Frye, 2016). It is noteworthy that secondary mi-
tochondrial dysfunction has recently been increasingly rec-
ognized to co-occur in association with various disorders 

F I G U R E  1   Phenotype of the patient at the age of 6 months (a-c) and his MRI findings (d,e)

(a) (b) (d)

(c) (e)
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including neuromuscular (such as spinal muscular atrophy) 
and neurodegenerative (such as Alzheimer disease) disorders 
(Niyazov et al., 2016). Although the pathophysiology under-
lying the mitochondrial dysfunction seen in such disorders are 
not fully understood, of note is a suggestion that dysfunction 
of mitochondrial associated membranes (MAMs) has been in-
volved in these disorders. MAMs are implicated in functions 
of ER-mitochondrial crosstalk including intracellular calcium 
homeostasis, lipid metabolism, mitochondrial fission, auto-
phagosome formation, and apoptosis progression through 
proper mitochondria-ER tethering (Liu & Zhu, 2017). Since 
BAP31 is involved in this ER-mitochondrial tethering/cross-
talk by interaction with Fission 1 homolog, it might be rea-
sonable to consider that BAP31 deficiency possibly results 
in secondary mitochondrial dysfunction (Iwasawa, Mahul-
Mellier, Datler, Pazarentzos, & Grimm, 2011).

In conclusion, mitochondrial dysfunction may be a fea-
ture with DDCH due to BCAP31 mutation, and patients 
with DDCH should be carefully evaluated for mitochondrial 
dysfunction.
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