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is not described in isolated ABCDI (2) or BCAP31
deficiencies (7). Only wansient increases of liver
transaminases, mainly during febrile episodes, were
found in patients with BCAP31—-SLCGAS8 deletions and
were also described in patients with isolated BCAP3/
defects (7). Therefore, the hepatic cholestasis appears to
result from the combined loss of BCAP3I and ABCDI .
Loss of BCAP3] might aggravate the peroxisomal
defect caused by ABCD] deficiency. BAP3! interacts
with Fisl (11), which, together with Dlpl, is implicated
in both mitochondrial and peroxisomal fission (15).
However, peroxisomes of normal size and nurber were
reported in patients with BCAP31~ABCD/] deletions (3,
4). Although the mechanism remains unclear, clearly
there is a synergistic deleterious effect on bile acid
transport and/or synthesis associated with concomitant
BAP31 and ALD protein deficiency.

Severe dystonia and choreoathetosis were only noted
in patients with SLC6A8~-BCAP3] deletions. However,
dystonia is probably related to loss of BCAP3] because
it was also described in isolated BCAP3] defects.
Patients with BCAP31-ABCDI deletions died before
these neurological symptoms usually appear.

Remarkably, patient 2 with an isolated deletion of the
3'-end exons of SLC6AS had the same severe phenotype
as patients with BCAP3] deficiency, but without the
hearing loss. RT-PCR detected BCAP3] mRNA in
fibroblasts of this patient, which rules out a complete
abrogation of BCAP3I transcription; however, we did
not rule out the possibility of an impaired transcription.
It is unlikely that the severe phenotype is only duc
to the complete loss of SLC6A8 because deletion of
SLC6A8 exons 5-12 was not associated with this
severe presentation. If only deletions extending beyond
the 3’-end of SLC6AS are associated with a more severe
phenotype, then it is plausible that this phenotype is
due to a perturbation of regulatory elements in the
non-coding region between SLC6A8 and BCAP3I.
Interestingly, one of the patients reported by Cacciagli
et al. (7) had a deletion of BCAP3] exon 8 to SLC6A8
3’-UTR. He had normal cerebral creatine levels but
reduced fibroblast SLC6A8 mRNA.

Three patients had contiguous gene deletions that
extended beyond SLC6A8, BCAP3! and ABCDI.
‘These additional genes may also have contributed
to their phenotype. Patient 10 had more profound
microcephaly and more genes deleted than the other
patients. PLXNB3, based on its abundant expression in
the brain and role in neurite outgrowth, may contribute
to cercbral features (16). In support of this, a paticnt
with a deletion of ABCDI exons 3-10 and PLXNB3
exons -2 had convulsions, predominantly occipital
white matter abnormalities and possible developmental
delay at 3 years (17). PNCK (deleted in patients 3 and
4) is also mainly expressed in the brain (18). No isolated
defects of this gene have been reported to the best of
our knowledge.

In conclusion, we confirm that BCAP3] deficiency
is associated with profound developmental delay,
sensorineural hearing loss, failure to thrive, severe
dystonia, increases of liver transaminases and childhood
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death. However, only deletions involving both BCAP3/
and ABCD! are associated with hepatic cholestasis
and death in the first year, probably due to synergistic
effects. Isolated deletions of SLC6AS extending beyond
the 3-end may be associated with a more severe
phenotype than the classic CRTR-D, comparable to
the phenotype in loss of BCAP3/ but without the
hearing loss.

Supporting Information

The following Supporting i don is for this article:

Appendix S1. Data on direct sequencing of the break points and
RT-PCR of BCAP3].
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A family with creatine transporter deficiency diagnosed with urinary
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Creatine transporter deficiency (CRTR-D) is an X-linked disorder ch
report the third Jopanese family with CRTR-D. The proband was an 8-y

ized by hypotonia, d delay, and scizures. We

1d boy who p with in, severe i dis-

ability and two cpisodes of seizures associuted with/without fever. Among 7 siblings (4 males, 3 females), the eldest brother had severs
intellectual disability, epilepsy, and sudden death at 17 years of age, while [8-year-old third clder brother had severe intellectual disabili-
ty, autism, and drug-resistant epilepsy. The proband’s urinary creatine/creatinine ratio was increased. A reduced creatine peak on brain

magnelic pi

py and a known pathogenic mutation in the SLC6A8 gene (c.1661 C>T:p.ProS54Len) confirmed the diag-

nosis of CRTR-D. The same mutation was found in the third elder brather. Their mother was 2 heterozygote. Symptoms of CRTR-D are
pecific. Urinary inine ratio should be measured in patients with hypotonia, developmental delay, seizure and autism

whose family history indicates an X-linked inhetitance.
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