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Dear Editor,

Childhood Disintegrative Disorder (CDD), also known as
Heller’s syndrome and disintegrative psychosis, is a rare
progressive neurological disorder, characterized by a late
onset (>2 years of age) and regression of language, social
function, and motor skills [1]. Based on 4 surveys of CDD
from different countries, the pooled estimate for the
prevalence of CDD is 0.17/10,000, 600 times less prevalent
than autism [2].

CDD is characterized by an onset between 3 and 4 years
of age after a period of apparently normal development; a
severe regression with the progressive loss or marked
impairment of spoken language, loss of play, loss of social
skills, and loss of bowel and bladder control; a prodromal
period of behavioral disruption with extreme agitation,
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fearfulness, and possible hallucinations, and a poor out-
come with severe intellectual deterioration.

CDD was first described by Thomas Heller in 1908.
However, the definition has continued evolving over the
past century, perhaps because of the rarity and lack of
explanation for the condition. Initially, CDD was consid-
ered strictly a medical disorder and was believed to have
identifiable medical causes. However, no specific medical
or neurological cause has been found to account for all
occurrences of the disorder by investigators who reviewed
the reported cases [3]. Should CDD be considered a distinct
diagnosis? Under the proposed DSM-5 revisions, all per-
vasive developmental disorders, including CDD, will be
subsumed under the single diagnostic category of autism
spectrum disorders. The rationale for this is the similarity
between these disorders, as it is now thought that their
symptoms place them on a continuum with autism. Thus,
CDD is also considered a low-functioning form of autistic
spectrum disorder [3].

Interestingly, mucopolysaccharidosis III (MPS III) is a
rare genetic disease characterized by progressive cognitive
decline and severe hyperactivity, with an onset between 2
and 6 years of age. Moreover, patients are often initially
misdiagnosed as autism spectrum disorders, idiopathic
developmental delay, attention deficit/hyperactivity disor-
der, or combinations of these, placing them at risk for
unnecessary testing and treatments [4, 5]. Clinically, MPS
IIT is composed of four different subtypes, each of which is
caused by a deficiency in a different enzyme in the cata-
bolic pathway of heparan sulfate, a type of glycosamino-
glycan (GAG). All four subtypes are inherited in an
autosomal recessive pattern. Collectively, the reported
incidence of MPS III varies between 0.28 and 4.1 per
100,000 live births [6].
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Here we report the case of a sibling presenting with
CDD. First, two brothers were seen by a pediatric psy-
chiatrist at the Outpatient Clinic of the Department of
Child and Adolescent Psychiatry at the Shanghai Mental
Health Center. They had both gradually lost language and
life skills after the age of 4 years. According to their par-
ents, the elder brother (K) is 10 years old, the younger
brother (Z) is 8 years old, and both were born in Henan
Province, China. They showed almost normal pervasive
development before they were 4 years old. K was able to
pronounce his first words (“mama”, “papa”) at 10 months
and could walk at 12 months. He was able to use idiomatic
phrases to communication when he was 2 years old. Z
started to speak in single words (“mama”, “papa”) at
7 months, walk at 10 months, and use idiomatic phrases
after 1 year. However, after reaching 4 years of age they
both quickly regressed in terms of language, cognition, and
social skills and behavior. K became incontinent and
nonverbal after 5 years and started to communicate by
screaming and crying without appropriate eye contact or
facial expressions. He lost all ability to communicate at the
age of 6. The general development of the younger brother,
Z, was almost the same as his brother’s. After Z was
4 years old, he experienced social and learning problems.
He ceased to show initiative in communications and merely
responded to simple questions without making eye contact.
Z became incontinent and showed intellectual deficiency
after 5 years old. At the age of 10, when visiting a child
psychiatrist for the second time, Z was only able to phonate
single words, fuzzily.

The medical history of Z included intermittent convul-
sions, difficulty sleeping involving waking up and sitting
on the bed 4-10 times per night, frequent ear infections,
and diarrhea. K showed facial dysmorphias and gastroin-
testinal symptoms. On physical examination, the patients
were conscious but apathetic and not in acute distress. The
neurological examination was unremarkable. Their lungs
were clear. K’s heart rate was 84 beats per minute, and Z’s
was 80.

Clinical scales, including the Autism Diagnostic Inter-
view-Revised (ADI-R), the Child Autism Rating Scale
(CARS), and the Autism Behavior Checklist (ABC), were
used to assess the general condition of each brother. In the
ADI-R, the present scores of K and Z in the domain of
reciprocal social interaction were 35 and 34, respectively
(cutoff = 10). At the age of 4, the scores of reciprocal
social interaction were 9 (K) and 2 (Z). The present scores
of communication (verbal total) were 19 (K) and 25 (Z)
(cutoff = 8), but they were 11 (K) and 1 (Z) at the age of 4.
In the area of repetitive behaviors and stereotyped patterns,
their scores were 0 (K) and 10 (Z) as of this work, and 5
(K) and 1 (Z) at the age of 4 (cutoff = 3) (Table S1). K’s
CARS score was 60 (full marks) as of this work and 57 as
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of 2 years ago. Z’s CARS scores were 59 as of this work
and 40 as of 2 years ago, indicating severe autistic symp-
toms of K and Z (Table S2). The general scores of K and Z
in the ABC were >67, indicating that the deterioration had
continued quickly over the past 2 years (Table S3).

The particular family history and disease burden
(Fig. 1A) strongly suggested an inherited disease with
recessive, de novo X-linked or germline mutations.
Therefore, whole-exome sequencing was performed on
peripheral blood samples from the four-member family.
One mutation, Chrl17:78188885 A>G, SGSH (N-
sulphoglucosamine sulphohydrolase) F101S, was found to
fit the homozygous-recessive genetic model. The mutation
was unique to the family. It was not found in any public
database or in any of the in-house Chinese controls
(12500). Both parents were heterozygous SGSH F101S
carriers, and both offspring were homozygous SGSH
F101S mutants (Fig. 1B). The mutation, located in the
dimerization surface of the SGSH protein, may negate
enzymatic function (Fig. 1C).

To further identify abnormalities in the brain structure of
the patients carrying SGSH mutations, magnetic resonance
imaging (MRI) was performed on the elder brother, K, with
T2WI and DTI. K’s gray matter had become thinner, with a
larger sulcus in the bilateral frontal lobes and temporal
lobes than in the occipital lobe. K’s supratentorial ventri-
cles showed remarkable dilatation (Fig. 1D, E). An FA
map based on DTI showed that the white matter fibers in
K’s brain appeared sparse and degenerated, especially in
the corpus callosum (Fig. 1F, G), while the healthy parents
appeared normal under brain imaging examination
(Fig. S1, S2).

Biochemical and metabolic assessments of MPS IIIA
were performed to determine whether these brothers with
homozygous SGSH mutations had any defects in glycol-
metabolism. First, urine samples from both brothers
underwent a color change by reaction with a cationic dye
on treated filter paper, and excess GAG was noted in the
brothers’ urine samples. In analytical electrophoresis tests,
K’s sample showed bands of GAG excretion at dermatan
sulfate and heparan sulfate (HS), and Z’s showed bands at
chondroitin sulfate and HS areas. The results of enzyme
activity assays showed that the activity of N-sulfoglu-
cosamine sulfohydrolase had downgraded to 7.7 nmol/g/h
(normal cutoff >119.6 nmol/g/h), but other enzymes were
normal.

SGSH encodes N-sulfoglucosamine sulfohydrolase
(MIM: 605270), and mutations hamper the degradation of
heparan sulfate, which causes MPS IIIA, a rare autosomal-
recessive inherited metabolic disease. The symptoms of
MPS IIIA are caused by enzyme deficiency, preventing a
necessary metabolic step in the degradation of heparan
sulfate. In patients carrying loss-of-function mutations of



Z. Wen et al.: Identification of the Genetic Cause for CDD by Whole-Exome Sequencing 253

B A

Family 880

[ O

SGSH 101: FIS SGSH 101: FIS

K: CDD onset at 4y Z: CDD onset at 4y
SGSH 101: S/S /( SGSH 101: SIS

Fig. 1 Genetic genogram, structure of protein SGSH, and images of
the brain of patient K. A Genetic genogram. B, C Protein structure
and Sanger sequencing for mutation sites in the SGSH gene. The
F101 residue is shown in red, interacting residues from the other part
of the enzyme dimer are shown in yellow. D Cerebral atrophy and
ventriculomegaly (arrows) are shown on T2WI. E Blue and red
arrows indicate anterior and posterior horns of the lateral ventricle. F,
G Fractional anisotropy map showing a thin corpus callosum genu
(white triangle) and splenium (yellow triangle).

SGSH, undegraded heparan sulfate accumulates in the
central nervous system, where heparan sulfate in lysosomes
leads to severe neurodegeneration [5, 7].

The SGSH mutation ¢.302T>C (p.F101S) has not been
previously entered into the Human Gene Mutation Data-
base (HGMD Professional 2015.12) (http://www.hgmd.cf.
ac.uk/ac/index.php), which contains 118 mutations (in-
cluding 91 missense/nonsense mutations) from MPS IITA
patients. Thus, the SGSH F101S mutation is considered to
be a new recessive allele for MPS IIIA and CDD.

Due to its rarity, there have been few neuroimaging
studies of CDD cases. The MRI data of a girl (8 years old)
affected with MPS IIIA showed a thin corpus callosum in
the posterior area [8]. In our patient K, the corpus callosum
was thinner than usual and showed severe degeneration. In
addition, the girl showed hyperintensity in the sub-cortical
area and hippocampus on T2WI images and the imaging
was not clear [8]. However in patients with MPS, abnormal
brain structures are frequently observed under MRI and
CT: Virchow-Robin perivascular spaces, white matter
abnormalities, and ventriculomegaly [9].

From the viewpoint of symptomatology, the clinical
features of patients K and Z corresponded to the diagnostic
standards of CDD. Surprisingly, the child psychiatrist did
not realize that they were affected by MPS IIIA before the
results of whole-exome sequencing and biochemical and
metabolic assessments became available. One study
reported that when 21 children with SGSH gene mutations
and enzyme deficiency were assessed using the Autism
Diagnostic Observation Schedule, 13 met the criteria for
autism. Among them, social and emotional abnormalities
were most frequent, but repetitive behaviors and restricted
interests were largely absent, which is consistent with the
ADI-R results of the sibling [4]. Children affected by MPS
IITA may show autistic behaviors which lead to a misdi-
agnosis of ASD by psychiatrists or pediatricians [6, 10].

Although the pathogenetic mechanism of CDD is still
not clear, a few reports have suggested a link between MPS
IITA and CDD/ASD [4]. According to previous reports,
MPS III has an incidence of 1% among autistic patients,
but the true rate might be lower [11]. A recent study
screened 778 Turkish patients with ASD for inherited
metabolic abnormalities by examination of urinary GAG
and homocysteine levels. In that work, 300 of the patients
whose metabolic and physical examinations met the
study’s criteria were enrolled, and among them, one patient
was diagnosed with MPS III [12].

In summary, this work describes a newly-discovered
disease-causing mutation, F101S, in the SGSH gene,
mutations of which impair the degradation of heparan
sulfate and classically cause MPS IIIA. This case provides
a possible genetic explanation for the specific symptoms of
patients with CDD. It is worth noting that pediatric psy-
chiatrists should be aware of potential metabolic diseases,
particularly when a patient has a strongly-inherited
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tendency or specific regressive pattern. Genetic screening
and biochemical tests are very effective to clarify the
diagnosis.
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