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Abstract

Background: Cerebral palsy (CP) is a non-progressive disorder of movement and posture due to a static insult to
the brain. In CP, the depth of investigation is guided by the patients’ medical history and their clinical examination.
Magnetic resonance imaging (MRI) has a high yield and is widely used for investigation in CP.

Case presentation: In this paper, we report a novel DDX3X variant in a girl afflicted with the X-linked mental
retardation-102 (MRX102). The girl had been misdiagnosed with CP in her early life based on a comprehensive
clinical evaluation and associated clinical features, such as developmental delay, reduced activities of the arms and
legs, and abnormal brain MRI. Subsequently, whole-exome sequencing was applied to better distinguish between
CP and actual MRX102 with similar characteristics.

Conclusions: We report on a de novo heterozygous DDX3X variant mimicking cerebral palsy and suggest a
thorough and conscientious review during diagnosis of CP.
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Background
Cerebral Palsy (CP) is a non-progressive group of develop-
mental disorders of movement and posture caused by a
static insult occurring in the brain of the fetus or infant.
CP is regarded as the most common cause of physical dis-
ability in childhood with a prevalence of approximately 2
per 1000 live births [1]. Motor dysfunction in CP has been
classified into three categories: spastic, dyskinetic, and
ataxic [2]. CP is associated with medical comorbidities,
such as intellectual disability, epilepsy, and visual distur-
bances, and clinical heterogeneity may exist [3, 4]. During
the progress of the diagnosis of CP, a neurological syn-
drome, a thorough family history and examination was
suggested to look for signs of a non-CP diagnosis [5]. The
presence of non-motor symptoms such as vision or hear-
ing deficits, cranial nerve dysfunction and epilepsy should

be paid more attention to [6]. For the diagnosis of CP, it is
believed that MRI is the highest yield investigation
method, with almost 89% abnormal MRI among children
with CP [7]. Meanwhile, considering that the symptoms
and signs of CP change over time, some difficulty may be
encountered when diagnosing CP, especially for some of
the underlying insult. It is possible that there are some dis-
eases that can be confused with CP, especially for ataxic
CP [8].
X-linked mental retardation-102 (MRX102; MIM:

300958) has been described in patients with variants of
DDX3X at Xp11.4 which encodes a DEAD-box RNA
helicase [9, 10]. DDX3X plays an important role in tran-
scription, splicing, transport of RNA, and translation,
and works as a key regulator in the Wnt/β-catenin sig-
naling pathway [11, 12]. DDX3X consists of 17 coding
exons and is the most common pathogenic gene on the
X chromosome. The inheritance of both X-linked dom-
inant and recessive modes has been observed. De novo
variants of DDX3X have been identified in 1–3% of fe-
males with intellectual disability [13]. MRX102 occurs in
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infancy and may involve the head, face, ears, mouth,
skin, and muscle in affected individuals. Although
MRX102 mainly manifests as intellectual disability and
dyskinesia, symptoms of autism may accompany it [14].
In some patients with DDX3X variants, the disorder may
even involve the endocrine glands as precocious puberty
has been observed. Here, we report the case of a girl di-
agnosed with ataxic CP as an infant. Subsequently, gen-
etic investigation via whole-exome sequencing of the
family indicated that the patient had MRX102, with
identification of a novel variant in DDX3X. This case
may highlight the need for genetic analysis to determine
the underlying cause of a disorder before a diagnosis of
CP is made.

Case presentation
The Chinese girl was born at 39 weeks and 6 days gesta-
tion by natural labor following a normal pregnancy when
her mother was 27 and her father was 24 years of age.
Her birth weight was 3300 g, birth length 52.3 cm, and
birth head circumference 34.7 cm. There was no history
of asphyxia and abnormalities found in the newborn
screening at birth. The girl was unable to sit up by her-
self at 10 months of age. This developmental delay was
documented by pediatricians, along with reduced activ-
ities of the arms and legs, and thus a diagnosis of ataxic
CP was considered. Brain MRI at that time showed ab-
normal signals in the posterior horn and trigonometry
region of the lateral ventricle, and the lateral and third
ventricles were slightly enlarged, which suggested cere-
bral dysplasia (Fig. 1) At 2 years and 6months of age, a
neurologist noted that the girl had a special face with a
prominent forehead, two hollow eye sockets, two low-set
ears and a wide bridge of the nose, an unsteady gait and
walked with help, fell frequently and was unable to eat
with cutlery. In addition, she rarely communicated and
had difficulty understanding, bad eye contact, and no re-
action upon the calling of her name. There was no his-
tory of infection, including hepatitis, tuberculosis,
measles, and chicken pox. The tests for the syndromes
of Kernig, Brudzinski, and Babinski were negative. Liver,

kidney, and heart function were all normal, the level of
lactic acid and ammonia in plasma was within limits and
the results of the analysis of tandem mass spectrum for
peripheral blood were also normal. Considering her
chronic non-progressive course with hypotonia and in-
tellectual disability, the girl was diagnosed with ataxic
CP. She underwent rehabilitation training between the
ages of 1 and 2, but her motor function was still abnor-
mal compared with her peers, especially her intellectual
level. Subsequently, genetic analysis was performed with
agreement when the patient was 3 years old, and trad-
itional chromosome analysis and chromosome micro-
array analysis were normal. The girl was then tested
with whole-exome sequencing and analysis within her
family. The test identified a novel heterozygous variant
of the DDX3X gene, confirmed by sanger sequencing.
The c.1251 G > C variant was located in exon 12 of the
DDX3X gene, resulting in a p.Gln417His substitution
(Fig. 2). This variant was within the functional domain,
without benign variants in the clinvar database. The
variant was absent from the Exome Aggregation Consor-
tium database (ExAC) and predicted to be pathogenic by
at least two of the in-silico prediction tools. Parental
testing showed the heterozygous variant to be de novo,
confirmed by X-linked dominant inheritance. Eventually,
a diagnosis of MRX102 was made.
Written informed consent was obtained from the fam-

ily for this study.

Discussion and conclusions
The clinical diagnosis of CP is based on neurological
symptoms and a motor disorder causing an activity limi-
tation. It is reported that 10 risk factors associated with
CP: placental abnormalities, birth defects, low birth-
weight, meconium aspiration, emergency caesarean sec-
tion, birth asphyxia, neonatal seizures, respiratory
distress syndrome, hypoglycaemia, and neonatal infec-
tions [15]. Meanwhile, MRI findings are very important
in the description of CP. Among the 86% CP patients,
periventricular white matter injury is the most frequent
finding which accounted for 56%, deep grey matter

Fig. 1 Magnetic resonance imaging scans when the girl was 10 months old show abnormal signals in the posterior horn and trigonometry
region of the lateral ventricle; the lateral ventricle and the third ventricle were slightly enlarged
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injury 18%, and brain maldevelopment 9% [16]. Delayed
myelination, dysplasia of the corpus callosum, and en-
largement of the lateral ventricles also can be found in
CP [17, 18].
We report the case of a girl who was considered to have

ataxic CP following magnetic resonance imaging revealing
areas of cerebral dysplasia at early phase by her primary
pediatrician. A primary diagnosis was made according to
the presence of cerebral dysplasia, delayed motor develop-
ment, a non-progressive course, and ataxia combined with
frequent falls. However, the presence of her intellectual
disability had only been treated as a comorbidity of CP.
After a review by a geneticist, a novel variant in the
DDX3X gene was identified by the whole-exome sequen-
cing. The variant locus was at the same amino acid residue
but with a different pathogenic base pair in the DDX3X
gene and had been reported before [19]. An American fe-
male described previously to also be suffering from unex-
plained intellectual disability was carrying the DDX3X
variant: c.1250 A > C, p.Gln417Pro. However, further de-
tails were not described [19]. Nearly all published DDX3X
variants resulting in MRX102 so far are de novo and are
proved “damaging in biology” [9]. MRX102 has not been
previously confused with ataxic CP until now. This illus-
trates that in this case, similar characteristics in both dis-
orders should be paid due attention. Additionally, the
abnormal MRI results of the patient made the diagnosis

difficult in MRX102. Our study makes the importance of
the correct diagnosis clear, especially on terms of repro-
ductive genetic counselling for family members.
In summary, the patient reported in this paper exem-

plifies the problem that clinicians may face in distin-
guishing between CP and other similar disorders. When
a diagnosis is carried out early in childhood, the clinical
features may meet the characteristics of CP but a careful
review before a final diagnosis is essential. Since there
are few reports of this novel DDX3X variant, further re-
search into its biological significance and mechanism of
action is warranted. The application of whole-exome se-
quencing in clinical practice among individuals with CP
will play a great role in its diagnosis compared with
other methods.
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