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Case report of cerebral creatine deficiency syndrome
with novel mutation of SLC6A8 gene in a male child

in Bangladesh
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Cerebral creatine deficiency syndrome (CCDS) is a disorder where a defect is present in transport of creatine in the brain. Cre-

atine plays an essential role in the energy metabolism of the brain. This is a genetic disorder, autosomal recessive or X linked,
characterized by intellectual disability, speech and language delay, epilepsy, hypotonia, etc. Until recently very few number
of cases have been reported. Here we report a case of 1.5-year-old boy who had epilepsy (epileptic spasm and generalized

tonic clonic seizure), intellectual disability, microcephaly, hypotonia and speech delay. His magnetic resonance imaging of
brain showed cortical atrophy and electroencephalography showed burst suppression pattern. The diagnosis was confirmed
by clinical exome sequencing which showed novel mutation of SLC6A8+ in exon 9, suggestive of X linked recessive CCDS.

The patient was then treated with glycine, L-arginine and creatine monohydrate with multiple antiepileptic drugs.
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Introduction

The cerebral creatine deficiency syndrome (CCDS) (#MIM
300352) is inborn error of metabolism which are character-
ized by an absence or reduced peak of creatine in the brain.
Creatine plays an essential role in energy homeostasis in high
energy demanding tissues like brain, muscle and kidney [1,2]. It
is comprised of three disorders. The two of them have defect in
the creatine biosynthesis and the third one has the defect in the
biotransport of creatine [3].

The human creatine biosynthesis pathway includes only two
enzymes; L-arginine: glycine amidino transferase (AGAT), en-
coded by AGAT (also known as GATM) and guanidino acetate
methyl transferase (GAMT), encoded by GAMT. Both AGAT and

GAMT are autosomal recessive disorder. The transport of cre-
atine in the kidney and brain is requlated by a functional cre-
atine transporter (CT1). CT1 is encoded by SLC6A8 gene at Xq28
(#MIM 300036). CT1 deficiency is the commonest and it is an X
linked recessive disorder. It was first identified in 1996 [4].

The clinical features of CCDS are speech and language delay,
cognitive delay, autistic behavior and seizure. It is one of the
leading cause of intellectual disability in male [5]. We are report-
ing a case of CCDS. Our case is a boy of one year and six months
who presented with global developmental delay, seizure and
intellectual disability. On genetic test, our case was diagnosed as
of CTl deficiency due to novel mutation of SLC6A8 gene.

The written informed consent was obtained from the patient's
guardian.
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Case

This was a one year and six-month-old boy presented with
the complaints of frequent seizure since six months of age and
delay in development. Seizure was initially in the form of epi-
leptic spasms, occurring in clusters, 4-10 clusters per day, 5-8
spasms in each cluster. The spasm was flexor in nature. It was
not precipitated by fever or any other stimuli. He also had delay
in almost all domains of development: gross motor, fine motor,
cognition and speech. His hearing and vision was intact. With
the onset of seizure, there was further regression of motor skill.
Gradually at 1 year age, the pattern of seizure changed, he de-
veloped generalized tonic-clonic type of seizure occurring 2-4
times daily, persisting for about 1-5 minutes. Family history re-
vealed that, the boy was the only issue of non-consanguineous
parents, none of his family members have similar type of illness.
He was delivered by caesarean section, there was no perinatal
adverse events, he was born in term with average birth weight.
He achieved his neck control at 6 month of age, started to bub-
ble monosyllables at 7 month of age. On examination, he had
microcephaly, aphathic face, there was no definite dysmorphism
(Fig. 1). His vitals were stable, no cutaneous mark was found. In
neurological examination, he had generalized hypotonia, muscle
power was 3/5 in all 4 limbs, deep tendon reflexes were pre-
served and there was extensor planter response. Developmental
assessment; gross motor: he only had partial control of neck (<3
months), fine motor: could not reach to toys or hold any object
(<4 months), speech: only cooing, no babbling (<3 months),
coghnition: could not recognize mother, only social smile present
(around 2 months), vision: fix and follow was present, hearing:
startles with sound, could not localize sound.

1. Investigation

Magnetic resonance imaging (MRI) of brain showed corti-
cal atrophy with periventricular hyperintensity (Fig. 1B). EEG
showed poverty of normal activity in the background, burst sup-
pression pattern (ourst of epileptic discharges for 1-3 seconds -
followed by attenuation): suggestive of epileptic encephalopa-
thy.

2. Genetic test

The genetic test was done by next generation sequencing
(NGS). Selective capture and sequencing of the protein coding
regions of the genome/genes were performed. Due to financial
constrain, genetic test of the parents could not be done.

DNA extracted from blood was used to perform targeted gene
capture using a custom capture kit. The libraries were sequenced
to mean >80-100X coverage on lllumina sequencing platform.
The Genome Analysis Toolkit (Broad Institute Inc., Cambridge,
MA, USA) best practices framework was followed for identifi-
cation of variants in the sample using Sentieon (v201808.07;
Sentieon Inc., San Jose, CA, USA). The sequences obtained were
aligned to human reference genome (GRCh38.p13) using Sen-
tieon aligner and analyzed using Sentieon for removing dupli-
cates, recalibration and re-alignment of indels [6].

Sentieon haplotype caller has been used to identify variants
which are relevant to the clinical indication. Gene annotation of
the variants was performed using variant effect predictor pro-
gram against the Ensembl release 99 human gene model [7,8].
In addition to single-nucleotide variants and small indels, copy
number variants (CNVs) were detected from targeted sequence
data using the ExomeDepth (v1.1.10) method [9]. This algorithm
detects rare CNVs based on comparison of the read-depths of
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Fig. 1. (A) A male child with cerebral cre-
atine deficiency syndrome. (B) Magnetic
resonance imaging of brain showing corti-
cal atrophy.
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the test data with the matched aggregate reference dataset.

Clinically relevant mutations were annotated using published
variants in literature, and a set of disease databases - ClinVar,
Online Mendelian Inheritance in Man (updated on 20th Feb
2020), Genome-wide association study, Human Gene Mutation
Database (v2019.4) and SwissVar [10]. Silent variations that do
not result in any change in amino acid, in the coding region,
were not reported.

NGS showed mutation of SLC6A8 in exon 9 of chromosome
X (variant ¢.1319 G>A (PArg440His), hemizygos in pattern sug-
gestive of CCDS which is an X linked recessive disorder (DNA
sequence change: ¢.1319 G>A, amino acid change: P.Arg440His,
site of mutation: X chromosome, exon 9, type of mutation: mis-
sense).

The boy was treated with various antiepileptic drugs: vigaba-
trin, topiramate, sodium valproate, levetiracetum, clonazepam,
etc. With the above drugs he was seizure was controlled. He was
also supplemented with glycine, L-arginine and creatine mono-
hydrate. He was offered physiotherapy, occupational therapy
and speech therapy. The parents were counseled regarding the
future pregnancy risk.

Discussion

CCDS is a group of inborn errors of creatine synthesis and
transport. AGAT and GMAT deficiency are inherited as autoso-
mal recessive pattern and CT1 deficiency is inherited as X linked
recessive disorder. The hallmarks of CCDS are mental retardation,
delay in speech and epilepsy. There are also some behavioral dis-
orders like hyperactivity and autistic features. Some cases of the
CCDS are associated with movement disorders due to basal gan-
glia involvement. This is more common in GAMT deficiency [1,11].

CT1 deficiency which is due to mutation of SLC6A8 was first
reported in a 6-year-old boy presented with central hypotonia,
epilepsy, speech delay and intellectual disability. The seizure was
in the form of status epilepticus. The case was confirmed by ge-
netic diagnosis: hemizygos mutation of SLC6A8 mutation [12].
Our case has all the similarities with the above mentioned case.
This case was diagnosed early due to the advent of the genetic
tests. Moreover, our case had microcephaly which was absent in
this case.

In one report, authors have mentioned 142 SLC6A8 variants
in 667 individuals in western population. About 30% mutations
were de novo and 70% were maternally inherited [13]. The fre-
quency of CCDS in male with intellectual disability was about
1.5% a paper by Clark et al. [14].

In the reported cases of CCDS, the clinical features were intel-
lectual disability, expressive speech and language delay, epilepsy,
developmental delay and autistic behavior. Other uncommon
features were muscular hypotonia, hyperextensible joints,
movement disorders, short stature, dysmorphism, etc. With the
advance of the age the neurological and psychiatric manifesta-
tions may progress [11,15]. Wang et al. [16] reported gastrointes-
tinal problems such as chronic constipation or nausea in CCDS.
Our case had all the features except constipation. Moreover,
microcephaly was noted in our case which was not found in any
reported case. Regarding the pattern of the epilepsy, the types of
the seizure mentioned are generalized tonic clonic seizure, sta-
tus epilepticus, drug resistant epilepsy and frontal lobe epilepsy
[17]. The type of seizure in our case was initially infantile spasm
and generalized tonic clonic seizure which was difficult to con-
trol and multiple antiepileptic drugs have been used to control
the seizure.

There are certain biochemical changes in CCDS evidenced by
complete or partial lack of creatine in the brain, muscle and kid-
ney. The most significant deficit is observed in brain [18]. Brain
proton magnetic resonance spectroscopy ('H-MRS) is an impor-
tant investigation for diagnosis of CCDS but it is not available in
all centers and costly [1,2]. MRI of brain which showed atrophy,
brain 'H-MRS was not done due to lack of logistic support. The
muscle creatine is determined by muscle biopsy. Urinary cre-
atine/creatinine ratio has also been found as a useful diagnostic
marker of SLC6A8 deficiency in males [2]. These tests were not
done in our case.

The confirmation of diagnosis is done by demonstration of
enzyme activity, determination of transporter activity in fibro-
blast or lymphoblast or DNA analysis of the gene [19]. We con-
firmed the case with clinical exom sequencing which revealed
there was hemizygos mutation of SLC6A8 gene in exon 9.

The treatment of SLC6A8 deficiency does not match with
that of GAMT and AGAT where creatine supplementation is the
mainstay of treatment [19]. Rather CT1 deficiency disorder is
treated with supplementation with high doses of L-arginine and
L-glycine, which are the primary substrates for creatine biosyn-
thesis, combined with high doses of creatine monohydrate. This
combination is given with an aim to increase intracerebral cre-
atine synthesis [20]. Other modalities of treatment in practice are
supplementation of L-arginine alone, facilitate the creatine trans-
port in the brain via carrier peptides or molecules [19]. We treated
our patient with the combination of L-arginine, L-glycine and
creatine along with the supportive management and antiepileptic
drugs. Due to financial constraint parents could not be evaluated
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by genetic tests. However, there was no clinical feature suggestive
of CCDS among parents and other members in the family.

CCDS is a rare disorder, yet it is an important cause of intel-
lectual disability and under-recognized. However, it is a poten-
tially treatable condition, thus early detection isimportant for
the favorable outcome. Prenatal diagnosis is another important
option to address in case of positive family history. Our case is
probably the first case from Bangladesh with CCDS with muta-
tion of SLC6A8 gene.
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