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Loci for the genes SLC6A8 and ABCDI are within
a 55-kb span of Xq28. Loss-of-function mutations in
SLC6A8 are associated with X-linked creatine trans-
porter deficiency (CRTR-D), which is characterized
by severely reduced brain creatine on !H-magnetic
resonance spectroscopy (\H-MRS) and an increased
creatine/creatinine ratio in urine. Males present with
intellectual disability, severe speech delay, behavioral
problems and seizures. The creatine uptake defect can
be confirmed in cultured fibroblasts (1).

Loss-of-function mutations in ABCDI are associated
with X-linked adrenoleukodystrophy (X-ALD), which
is characterized by reduced B-oxidation of very long
chain fatty acids (VLCFAs), demyelination of white
matter and adrenal cortex atrophy. Elevated plasma
VLCFA is present at birth. The phenotypic expression
of ABCDI mutations varies widely. The most severe
form, childhood cerebral X-ALD, has an onset usually
after 3 years of age; it is characterized by neurological
deterioration, often starting with behavioral problems
and learning deficits, and later progresses to total
disability and death (2).

BCAP31 is located between SLC6A8 and ABCDI . It
is in a head-to-head orientation with ABCD! and a tail-
to-tail orientation with SLC6AS. In 2002, Corzo et al.
(3) reported three male newborns with large ABCDI
deletions that extended into BCAP3] (DXSI357E).
They had profound hypotonia, developmental delay,
hepatic cholestasis and death prior to their first birthday.
This severe neonatal presentation has never been
observed in isolated ABCDI] defects. The extent of
the contiguous gene deletions was not determined in
all the three boys, but the patient with the smallest
deletion was characterized and showed that the critical
region included the 5’ coding exons of BCAP3I and
ABCDI . The syndrome was named ‘contiguous ABCD!
DXSI357E deletion syndrome’ (CADDS). A fourth
CADDS patient with a similar phenotype has been
reported; he had a large deletion spanning seven genes:
BCAP31, ABCDI1, PLXNB3, SRPK3, IDH3G, SSR4
and PDZD4 (4).

Large deletions involving SLC6A8 were reported
in three boys with a more severe presentation than
in classic CRTR-D; they had pronounced hypotonia
and developmental delay, severe failure to thrive
and dystonia or choreathethoid movements (5, 6). In
one patient, the deletion extended into BCAP3I (6).
However, the deletion size was not determined in the
other two patients (5).

These studies suggest that the clinical phenotypes
associated with ABCDI or SLC6A8 deficiencies were
exacerbated by concomitant knockout of BCAP31 . Just
recently, isolated loss-of-function mutations in BCAP31
were reported in association with a severe phenotype
combining deafness, dystonia and cerebral hypomyeli-
nation (DDCH, MIM 300475) (7). Conclusions
regarding the contribution of the separate genes in
contiguous gene deletions involving SLC6A8, BCAP31
and/or ABCDI were hampered by the fact that the
deletion size was not determined in all the seven
reported patients (3, 5). We characterized the break
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points in five patients and provide an update of the
patients who were alive at the time of the previous
report (5, 6). In addition, we describe two new patients
with a CADDS and one patient with an isolated partial
SLC6AS8 deletion. We discuss the genotype—phenotype
correlations in all the 10 patients.

Materials and methods
Materials and patients

DNA was isolated from blood or cultured fibroblasts
of eight patients with suspected large gene deletions of
SLCG6AS8 and/or ABCDI . Three patients were suspected
of SLC6AS8 deletions and five patients of ABCDI
deletions, based on clinical and biochemical features
and the absence of polymerase chain reaction (PCR)
products of the involved gene. Case reports of two
patients with SLC6AS deletions (3, 8) and three patients
with CADDS (3) were previously reported. In addition,
the genotype and phenotype of two previously reported
contiguous gene deletion patients (4, 6) were reviewed
(patients 9 and 10).

Break point analysis

Multiplex ligation-dependent probe amplification
(MLPA) using the P049 kit with probes for several
exons of SLC6A8, BCAP31, ABCDI and neighboring
genes was performed to confirm the deletions and to
estimate their size. To narrow down the regions of
the break point, PCRs of about 200 bp in intervals of
~5-10kb were designed flanking the deleted MLPA
probes. Finally, long-range PCR over the break point
was performed followed by DNA sequencing to reveal
the exact break points. All primers were designed
with a high specificity for the X-chromosome, as a
paralogous gene region occurs on chromosome 16.

RNA analysis of BCAP31

RNA was isolated from the available fibroblasts of
patients 2—6 and 9. Subsequently, cDNA was syn-
thesized using oligodT. In order to study whether the
deletions resulted in truncated transcripts, we amplified
specific regions of the BCAP3! transcript (i.e. exons
1-8, 1-4 and 5-38) using specific reverse transcription
polymerase chain reaction (RT-PCR) primers.

Results
Break point analysis

The break points were sequenced by long-range PCR in
seven patients (Appendix S1, Supporting information).
Although long-range PCR was unsuccessful in eighth
patient (patient 6), MLPA and locus-specific PCR
analyses narrowed down the break point sites to
between exons 5 and 8 in BCAP3] and between exons
7 and 8 in ABCD/ . In total, of the 10 patients reported
here, 2 had isolated partial SLC6A8 deletions and 8
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Fig. 1. Location and size of the deletions on Xq28. Deletions are depicted with black bars. The exact break point in patient 6 is unknown and the
uncertainty of the involvement of BCAP31 exons 6 and 7 in the deletion is depicted by a gray bar.

had a contiguous gene deletion involving BCAP31 and
SLC6A8 and/or ABCD! (Fig. 1; Table 1).

Genotype—phenotype correlation

The clinical features of the patients are summarized
in Table 1. The patients with contiguous gene dele-
tions involving BCAP3! (n==8) shared many fea-
tures: profound developmental delay, severe failure to
thrive, sensorineural hearing loss and childhood death.
Seizures occurred in some. All the patients with dele-
tions involving both BCAP3! and ABCDI (n=96)
developed cholestatic liver disease and died in the first
year of life. It is not documented whether the cause of
death was related to liver failure in all cases. By con-
trast, patients with deletions of SLC6A8 and BCAP31
but not ABCDI (n=2) did not develop cholestatic
liver disease, survived until at least 6 years and devel-
oped severe dystonia and choreoathetosis after 3 years.
Patient 2 with an isolated deletion of exons 8-13 of
SLC6AS also had a severe presentation with death at
8 years, but without sensorineural hearing loss. By con-
trast, patient 1 with an isolated deletion of exons 5-12
of SLC6A8 had a phenotype consistent with classic
CRTR-D.

RNA analysis of BCAP31

RT-PCR confirmed the absence of BCAP3! transcripts
in patients 4-6. A truncated transcript of exons 1-4
was present in patients 3 and 9. In patient 2, a full-
length BCAP31 transcript was detected (Appendix S1,
Supporting information). Because patient 2 had a severe
phenotype that suggested BCAP31 deficiency, the open
reading frame and splice sites of BCAP3] gDNA were
additionally sequenced; no pathogenic mutation was
identified.

Discussion

The phenotype of patients with contiguous gene dele-
tions involving BCAP3] was more severe, overall,

than the isolated defects of SLC6A8 (causing CRTR-
D) or ABCDI (causing X-ALD); this suggests an
important role for BCAP3! in patients harboring
these contiguous gene deletions. BCAP3! encodes
B-cell-receptor-associated protein 31 (BAP31), an inte-
gral membrane protein that is localized in the endoplas-
mic reticulum (ER) membrane (9). It is a protein-sorting
factor that controls the fates (egress, retention, survival
and degradation) of newly synthesized integral mem-
brane proteins (10). However, BAP31 is also involved
in apoptosis, participating in ER—mitochondrial apopto-
sis signaling. The mitochondrial fission protein Fission
1 (Fisl) interacts with BAP31 at the ER, forming a
platform for recruitment and activation of procaspase-8
during Fas-mediated apoptosis (11). BAP31 is cleaved
by caspase-8, generating p20 that remains integrated in
the membrane (9, 12). p20 induces apoptosis (9) by
causing a rapid transfer of ER calcium into the mito-
chondria, which leads to mitochondrial recruitment of
dynamin-like protein 1 (Dlpl) and mitochondrial fis-
sion (12). By contrast, full-length BAP31 inhibits Fas-
mediated apoptosis (13). BAP31 also associates with
the components of the cytoskeleton actomyosin com-
plex, suggesting that BAP31 may play a role in the
structural organization of the cytoplasm (14).
Recently, loss-of-function mutations in BCAP3!
were found in seven individuals from three families
presenting with severe motor and intellectual disabil-
ity, dystonia, sensorineural deafness, hypomyelination,
failure to thrive and early death. Fibroblasts of affected
individuals showed altered ER morphology and disor-
ganized Golgi; however, contrary to expectation, there
was not an excessive accumulation of unfolded pro-
teins or exacerbated cell death (7). The profound devel-
opmental delay, sensorineural hearing loss, failure to
thrive and childhood death in the patients with contigu-
ous gene deletions involving BCAP3!] are very similar
to the isolated BCAP3] defects and confirm the asso-
ciation of loss of BCAP31 with this phenotype.
Neonatal hepatic cholestasis leading to liver failure
and death in the first year was restricted to the patients
with deletions involving both ABCDI and BCAP31 and
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Table 1. Clinical features. Patient order is based on the location of the deletion (from centromeric to telomeric)

Patient 1 2 9 3 4 5 6 7 8 10 CRTR-D BCAP31 X-ALD
Deletion size 2.1kb 4.9kb 19kb 40kb 110kb 64 kb 34-42kb 50kb 31kb 90kb isolated defect  Isolated defect Isolated defect
Involved genes  SLC6A8 SLC6A8 SLCGAS, PNCK, PNCK, SLC6A8, BCAP3T, BCAP31, BCAP31, BCAP31, SLC6A8 BCAP31 ABCD1
BCAPR31 SLCBAS8, SLC6AS, BCAP31, ABCD1 ABCD1 ABCD1 ABCD1,
BCAP31 BCAP31, ABCD1 PLXNB3,
ABCD1, SAPKS,
PLXNBS3, IDH3G, SSR4,
SRPK3 PDZDA4
Age 40years Died 8years,  9years Died 8years, Died Died Died 8 Died Died 4 months, Died 8 months,  Normal life Death, Average death
septic shock unknown <5 months 4 months, months 11 months, RF, GI pneumonia, expectancy 7months at 9.4 years
cause LF, RF LF, Gl bleeding sepsis —24 years®
bleeding
Development Walking at Smiles, eye Profound Some eye ? Profound Delayed, Profound Profound No milestones Mild-severe No milestones ~ Early develop-
2years, contact, no delay, no contact, no delay smiles, delay delay attained delay, walking attained or ment
speaks milestones head control milestones alert and at mean age only head normal,
singlewords  attained attained active at of 2years controf? onset
4 mo, neurological
sedated deterioration
at usually
7 months >3 years
Motor symptoms  ~ Profound axial Hypertonic Profound Hypertonic Profound Hypotonia Profound Profound Hypotonia Mild hypotonia Pyramidal Neurological
hypotonia, neonatal neonatal neonatal neonatal signs, deterioration
hypertonic hypotonia hypotonia hypotonia hypotonia quadriplegia >3years
limbs,
quadriplegia
Extrapyramidal ~ Dystonia from  Severe Severe ? - - Frequent - - Mild choreoa- Severe -
3months; dystonia choreoa- episodes of thetosis or dystonia
severe and thetosis opistho- dystonia in
choreoa- athetosis from 3years tonus, some patients
thetosis from bruxism
from 4 months
4-5years
Seizures {onset)  2years - 4years status  4years ? 2months - - 2months - A/ +i- A~
FTT (height and - -3t0~48D -3t0-48D 38D ? ++,IUGR  -3to -4 ++ ++ ~6 8D, UGR +/ - ~2t0-88D, -
weight) SD IUGR
Head 08D -3 8D ? -2.58D ? ? ~3SD ? ? -108D Normal ~2t0-58D  Normal
circumference
Hepatic - - Mildly elevated Transient Chol Cholest Chol Chol Chol Chol - Transient -
liver elevated elevated
transami- liver liver
nases transami- transami-
nases nases
Congenital b ~° + + + 7 ? + + + - + -
SNHL
Opthalmological - Strabismus Does not Pigmentary ? ? - Cataract ? Blind Strabismus Strabismus, -
persue retinopathy optic
objects at Syears atraphy
Dysmorphic Mild - - 4 ? - Milad - - +d Mild atypical 4/= -
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Table 1. continued

Patient 1 2 9 3 4 5 6 7 8 10 CRTR-D BCAP31 X-ALD
Brain MRI nd T2 hyperinten- T2 hyperinten- T2 Mild focal Myelinaton  No abnor- nd Diffuse Enlarged Myelination Periventricular Predominantly
sities in sities in GP, hyperintensities  dilatation left delay malities increased ventricles, thin ~ delay, T2 hypomyelina- parieto-
periatrial decreased in BG, Sylvian T1 hyperin- CC, thin WM, hyperintensi- tion, occipital
WM, thin volume WM,  myelination fissure, tensities in myelination ties, thin CC, cere- WM abnor-
CC myelination delay, thin CC immature Wi delay® enlarged bral/cerebellar  malities
’ delay, very myelination ventricles, atrophy
thin CC; cere-
cerebellar bral/cerebellar
vermian atrophy
atrophy
Cerebral creatine nd Deficient Deficiént Deficient nd nd nd nd nd nd Deficient nd/normalf nd
(MRS)
Adrenal nd nd nd nd ? Small adrenal nd nd nd Adrenal nd nd Addison’s
) glands hypoplasy disease
Other symptoms Episodes of high  Hydronephrosis Thymus Unexplained
" fever, hypoplasia episodic fever
hydronephrosis
Creatine uptake nd Deficient Deficient Deficient Deficient Deficient nd nd nd nd Deficient nd nd
in fibroblasts
Urinary Cr/Cm Increased increased Increased Increased nd nd nd nd nd nd Increased nd nd
VLCFAs nd Normal Normal Normal Increased Increased Increased Increased Increased Increased nd nd Increased
Other Possible mito- Possible Mildly Possible
biochemical chondrial mitochondrial elevated mitochondrial
abnormalities dysfunction® dysfunctions, NHa, dysfunction
, elevated elevated NHg normal frare)"
NHg during during febrite lactate
febrile episodes and
episodes organic
acids
Reference Kamp etal. (1) Anseimetal. Osaka et al. (6) Anselm et al. (5), Corzo st al. Corzo et al. Corzo et al. wasaetal. (4) Kampetal (1) Cacciaglietal.  Steinberg
(5), patient patient 2 (3}, patient (3), patient 1 {3), patient 2 {7 etal (2)
1; Howidi 3
etal (8);
Kamp et al.

M

BG, basal ganglia; CC, corpus callosum; Cr/Crn, creatine to creatinine ratio; CRTR-D, creatine transporter deficiency; FTT, failure to thrive; Gl, gastro intestinal, GP, globus pallidus; IUGR , intrauterine growth retardation; LF, liver failure; MRI,
magnetic resonance spectroscopy; MRS, magnetic resonance spectroscopy; nd, not determined; RF, respiratory failure; SD, standard deviations; SNHL, sensorineural hearing loss; VLCFAs, very long chain fatty acids; WM, white matter;
X-ALD, X-linked adrenoleukodystrophy, ?, unknown; -, absent; -+, present.

20ne exceptional patient is alive at 13years and attained sitting, with autonomous wheelchair and simple sign language.

®Normal audiogram at 4 years, mild low-frequency hearing loss at 36 years.

SNormal brain stem evoked potentials at 1 year.

9No consistent dysmorphisms were described.

®Brain autopsy showed in addition to heterotopia and dysplasia of inferior olivary nuclei.

Normal creatine levels were measured in one patient.

9Transient elevated lactate, increased excretion tricarboxylic acid intermediates, ethyl-malonic acid and 3-methylglutaconic acid and/or decreased activity of respiratory chain complexes in muscle biopsy.

"Reported in one patient with a SLCGA8 mutation.
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is not described in isolated ABCD! (2) or BCAP31
deficiencies (7). Only transient increases of liver
transaminases, mainly during febrile episodes, were
found in patients with BCAP31-SLCGAS deletions and
were also described in patients with isolated BCAP3]
defects (7). Therefore, the hepatic cholestasis appears to
result from the combined loss of BCAP31 and ABCDI .
Loss of BCAP3I might aggravate the peroxisomal
defect caused by ABCDI deficiency. BAP31 interacts
with Fis1 (11), which, together with Dlp1, is implicated
in both mitochondrial and peroxisomal fission (15).
However, peroxisomes of normal size and number were
reported in patients with BCAP3/-ABCDI 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—BCAP31 deletions. However,
dystonia is probably related to loss of BCAP3I because
it was also described in isolated BCAP31 defects.
Patients with BCAP3I-ABCDI deletions died before
these neurological symptoms usually appear.

Remarkably, patient 2 with an isolated deletion of the
3’-end exons of SLCG6AS had the same severe phenotype
as patients with BCAP31 deficiency, but without the
hearing loss. RT-PCR detected BCAP3] mRNA in
fibroblasts of this patient, which rules out a complete
abrogation of BCAP3] transcription; however, we did
not rule out the possibility of an impaired transcription.
It is unlikely that the severe phenotype is only due
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 SLC6AS8 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 BCAP3I exon 8 to SLC6AS8
3’-UTR. He had normal cerebral creatine levels but
reduced fibroblast SLC6A8 mRNA.

Three patients had contiguous gene deletions that
extended beyond SLC6A8; BCAP31 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 cerebral features (16). In support of this, a patient
with a deletion of ABCDI exons 3-10 and PLXNB3
exons 1-2 had convulsions, predominantly occipital
white matter abnormalities and possible developmental
delay at 3years (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 BCAP31 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 BCAP31
and ABCDI are associated with hepatic cholestasis
and death in the first year, probably due to synergistic
effects. Isolated deletions of SLC6A8. 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 information is available for this article:

Appendix S1. Data on direct sequencing of the break points and
RT-PCR of BCAP31.

Additional Supporting information may be found in the online
version of this article.
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e, RefeEE, EABES, MREE, WmhesE L, A

RafddR, AERERT, MR, MMM, PRI

ol Fn, RITREGETH Y, BERT L o2,
Romberg G, IRLSW O EOHIBIR T C & Ao i,

PR T E M o HE 2 Z Ty A

BERR 2 L7 5= 013 mgid! (IE 3;? 02~
0.6 mgidl) ERMTH o/, TOMDOME, EbgHfE i
REs o or, IS RERA L. 8 MRI TIER
WHREHEO e o, MR AR FaAa¥— (MRS) (B
2) BN LS T, single voxel spectroscopy, TE =30 msec,
TR=1,500 msec, voxel volume 15 mm® iz TiT - 70, BIFEICH
SE L7 B ‘rchon of interest : ROI) Tt o L7 F 2 ¥ —

OET R, 2 LTFr a0 v 004 THED 116 %
ToHol: Q~ 15HOME S HOMUES I VTF L 00
Bl 1202007). 22oREBEEA, DBCRRE LUBIIEREL

kit mark ®15

TOREEE MRS FFEL

?"ROI LTI E— I RETHSY, s LTFL SO
/kt:ii’rh FL 029, 0IS BLTTOII ThHo7.
3.ﬁﬁv:15ﬁﬁﬁ(mﬁ)
13RI TAPAT RO RTEE, B2 S

A58 2 MU B R, valproate TR % £, phenytoin,

topiramate 13 30U levetiracetam @ 3 RlfERIZ T B2 & @20

AREICEE L, S0 EETTEE 2 Y, HERERET

JEEOHY, BOGRRAORNLED h ol FHEEET
m&%%ﬁ*wﬂr% ZFTBY, HHECHED
WEMR M2 L7 52 029mgdl Thot, Fofl

DM, EALEHRE TR TR o 2o, i D REET

Bde UL WO MRIGESEHPIR <, BHFB MRS (CTHIBRICHE

SHLAROITUEHZ VT F Y~k Fo B0, 7L 7F

/T AL 013 TRRD 11 8% TdH - 7z,

4, RO LPFL /0L TFUHHE

HPLC 5 B TSR TO I VTFF o BLXUFP LT F =
FERMELLY, SR @J?ECP' R S 47”mﬂ/d[ R o

L7 F = N9mgld TR o
3.97 mg/(f!/mg/di {6~10 'z‘{ﬁ@itémfﬁ 0.57+0.49 \nxzn)}‘
Tdh ol HEM 2 @fx}imff LTy 438 mgldl, BRtps LT
S A8 mghdl TR Y LT F Sy LTS 232
mg/dimgidI (11 B Lo IES "'{ D 051E0.60{n=18)}"TH -
i BHOEB LT F L 24mgdl, RPS LTI 204

THFE ST HF
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mgidl CRBZ LT F /7 LT F= K061 mp/di/ mg/dl
TCEETHo 7.

5. RIEFARIN

SLC6A8 O BET- M £ 17\, exon 12 {2 c.1661 C>T;
p.Pro5Sdleu M I ALy ALRLEY 1 BIU 2 12D, &
TREOEREAFOBSRIED S, COTRIEAECCH
HERLLOLELTHo 129,

6. BE

RBZVTPF L/ 2VTF R EREES, B MRS 12
TIZLT7F e~ T L, SLCOAS BIZTFERERH L
WX ER | BIUER 213 CRIR RIEL BT LA, 81
AFOBRRERTHIBRLYL, FARRELLRE (1-3)
EREANRE L CATAYEHSEBHEIREETHALE
b BEARAYIZ CRTR RIAEFE - L HHFL .

I # =®

ZLTFRRAPERE, EICHE, TR L UERIIC L
HESHRBEEILLEY, EARRTY Y ETAXZ U HL
7A=Yy XYy P IV /IS A725—¥ (L-
arginine: glycine amidinotransferase ; AGAT) D& TV /7
SV RO ENA, RIZTVTF VIR A F NS
A7z =+ (guanidinoncetate methyltransferase ; GAMT) |2
SoTIVLTFUHEREND, RKNOILTF iz i N
F— P WL BABHERICHD Y, SHIZTBMISHFEL, 0
R PISTEET D, 2 VT F o RESRTELVERIE -
T, L 7FrDBARERIEDTHETCHA. CRIR (&
Na* /K KBRS 2 AH—5—Th Y, FOMETTHA
SLC6A8 13, KRB OHKTRAL TWvA. & BB HmW
DRFRGEFTHN, 0L HLPEEBIKN, R,
OHE, M, BORTCRONABY. 7 L7 F i nRMP %
MACEY, BAOHRITIE CRIR HWLETHBY, L7
FURERTRIE I VLTFCOLKRE L LT AGAT K
fEL GAMT KIUEHN DY, 7L T7F  OHERABEREEL
LT CRIR RIVEHH B Y. CRTR RAFEIR S L7 F L Y
REEOPTIRRLZC, HERKED X ERSHRESER
HEEN 2% DA EERET, UL, KB COHER
F LRV,

CRTR RIVEGHRAIC 7/ LT F AR S e iRy
AP T I X —{CHARIRD S L CERIEL D, B
FRERCEENNRECERJGRE FoRBETEEE)
POEEEOHERET, MORE, TohABL, 58
EECHELCERERSTHE Y. BRFIOER b HRRET,
MEMNEE L TVRALERRNTH- /. BRAILAEL
p.ProS54Les 2R T BHLBEOHLIX, 3 -0 v /9 X MR
HBHMNETT S Y~ T AN DNA BBHFCHBE L
BETH oS, MAFEIF LS B0 % 4R 12 7B T 1 BB
LRSI TE L ols, —AXAIZ CRIR RIBEDTRIZR

Frantsh, RREOB/ERBO TRV, LaALR
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BROHELD Y, LEBFEC BRI COEREVED
BEILETHH Y. FELBAT-6, 0-7 TlOIBER
CLBRIRERAED R, ok 450 N LEEHMELF
ELTWVA. CRTR KIFEFVFATHA0-3 DA LTEN
BAREC, CRECARLTOLMRbRIS o, KiE
REFCIX, ONEE, RaEE, THREY, EYETe Y
PHRALNDZI e Y. ABRAOR (1-3) TIIMREHE
R YEBMHFGETCETHLVR, BHAROBRIIZLE
LB KRG, BEMREETHLIE, BIULE
FRLREETHIWEEFIHL2LERHLA. LALY
FRENEBUT L2550, SELBIEHATIL2E
BRI BRVELLBELE bR,

IVTF A RBREEOBWENRA Y -2 YRR L L
T, RPOT7=C /- 7VT7Fy - 2L TF= il
PHEM MRS COZ LT F ¥~ DHIEHFHITONE VT,
AGAT SHREETIX, R 7=/ REBIRS 5 W EIE R
H-RBIVTFARB-RPILVFF /2L TF0 )
E#. GAMT XEBETIRRP /7= /REREGE - Reh o L
TFEVEM RPIVFF /ST FCRIES. CRTIR K
HEBTFCRRP I 7oV /BRIERNH 5 VIEEELA - R
B LTFoBESAVIEEREREBMH - RprLT7F /2
VPR RBRIERTT. RRSIVTFF /LT F
Ko L3 CRIR KIHEICHRATH A, mps L 75z
EIEBESERLVLEMTHS . FS MRS Tiiio
HBETCLILT7F U E-2nET2RD 5, BREOH
MRS TRRHE, KEEE, MEERBIFBCILTFY
E—-sBT4EHL. KARO 7L 7F 3ARICERT
WHBRESVESRTVEYNY, ARFITRKEECL 2L
TFYE-7BT2BOHE (B2). MEdbH, MRS IED
BAZIZ ROIEBELTHRVERZONRS,

ReBF LT F2 /5 LT F= 2 HIBERIZ L ) ERAR
Y, 0~ 5&(1.03+093 mg/di/ mg/dl), 6 ~ 10 (0.57%
0.49 mg/dl/mg/dl) 1 & OF 11 L L (0.51 £0.60 mg/dl/ mg/d!)
TH5HY. CRIR RIBRE L BEDE S iz 8 AOREFITIE,
RB 7 VTF2 /2 VT F=rHid 213 ~ 6.70 mg/dl/ mg/d!
ThHhH MO L DEFSL FOFENTH -7, RILVT
For/ o VTF R, BERERORIIC L S0
by, THEL2S 2EADEORENET L) @iEdD
50 —%, BEREOHEERL, AREHLVI LR
Zy Ll | BORBRETHTHTHHETH-HHELHA Y,
RBEGFBBHBRETH L7720, BBEIELI S RlL
CEREIHRATHD. KEREEICBWTE, FREEL
TWTHRIVFF o /2 VT F o RN ERBETHY,
FEEFLETHDY. LidtoT, KMERBOBINIZILEE
FREIVEL LD,

EHTOREPIRVEEBEL LT, YORRAGEN, ¥
DEFZRERT2 TV PABRE I HHEMEI N TR
WATREEAM S 5. BBRFITE, SBET, REmMRETS
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TUHWRA LR RO LRERTH - 128, BFRTO
RPIVTFL /LT ForROLARE X USHSHEREY
R FEEEH CRIR RIAE OB ~OAMI L o7, EH 1
TR L7 F=RIHTH 7D, 2L T7F A RBKRK
EOMPL LT F I HIREM~ERESNTHELDHT,
M7 U7 F= AHMEHT L { THHEEERERRARALS
CRTR KAUELEES Z e AFMETH S, X S ERIZERY
BRE-HIGRIET, OMEE, RIEEEEY, Tvha,
RERBHLEBDHBEI, A2YV—=  7REL LTRS
IVTFr /o VTFo o REFBRTACLREHTHSLE
Fzons:, BEHLDELILHILRAREIS X RFATHE
T ELAMMBE L ELBOIPBROR ) -0 VRE
ECRIVPF U/ IVTFREANRDZIERERATHA
7.

REREL LURETFRIFE JHUWLLE0 SRS YO ER
oy —~ERRR FRHFHRACERLLET.

ABXoBERIE, B55 BHALRAYARES Q0134F 11 B,
+3%) TH&ELL.

FRXOFBHE | 2R XRRAFEMA L CHRT<EDELL.
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A family with creatine transporter deficiency diagnosed with urinary
creatine/creatinine ratio and the family history:the third Japanese familial case

Fumihito Nozaki, Tomehiro Kumada, Minoru Shibata, Tatsuya Fujii, Takahito Wada, Hitoshi Osaka
Department of Pediatrics, Shiga Medical Center for Children Moriyama, Shiga (FN, TK, MS, TF) |
Deparunent of Medical Ethics and Medical Genetics, Kyoto University Graduate School of Medicine, Kyoto (TW) ;
Department of Pediatrics, Jichi Medical University, Shimotsuke, Tochigi (HO)

Creatine transporter deficiency (CRTR-D) is an X-linked disorder characterized by hypotonia, developmental delay, and seizures. We
report the third Japanese family with CRTR-D. The proband was an 8-year-old boy who presented with hypotonia, severe intellectual dis-
ability and 1wo episodes of seizures associnted with/without fever. Among 7 siblings (4 males, 3 females)., the eldest brother had severe
intellectual disability, epilepsy, and sudden death at 17 years of age, while 18-year-old third eider 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
magnetic resonance spectroscopy and a known pathogenic mutation in the SLC6A8 gene (c.1661 C>T:p.ProSS4Leu) confirmed the diag-
nosis of CRTR-D. The same mutation was found in the third elder brother. Their mother was a heterozygote. Symptoms of CRTR-D are
non-specific. Urinary creatine/creatinine ratio shou{d be measured in patients with hypotonia, developmental delay, scizure and autism

whose family history indicates an X-linked inheritance.
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EERR X 7V EEmABEE (GAMT) RIBE, THF= -
TVYYT IV AEBES (AGAT) XRiEBE oL
T F U EiRE (SLC6AS) RIBEDNDIEEN,LLLR A
LT FESRRPHEREOEBEI L VR LT F
RZx&7:L, MNEE, BRE TAPALZEEIR
ETB. AT LTF L OWEBIZLBEEEND DM
MEETHY), EUBWE LTEETH S,
RRA. - fRREEIR

LT FU/) /ﬁx7 L7 F R, Eu”(’ﬂhkioﬁ
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ZEL, MERHYE, WEMRREERLZ ML
NTWna, JL7FVIEREHKRE, ERTOEMIC
Ihfitsasns, 7u¥=" (Arg) £ 7YY (Gly)
REEELTAGATIZL Y 77 =2 /BEEE (GAA) 2F
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BENCIE, BMRSICEBZLT7F UV E—I7DET
PEATH . SLC6AS RIBETIE, R/ LT F 1/
JVTFIVHOLERC I WESICEHE TR 2
O, FHICHMPBELRTEREZIIBVTE, £l
BWTIHERTRETHS. THEICBVWTE, BELT
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ot = 2 B
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TF RSP ERTH A, SLC6AS RIBIEIIX L Tk

BRYREBEEN L. B L NNV T, cyclocreatine @
ABEARENTE ), B RRERERITHONE
RN D B .
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