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Abstract

Unlike the 1p36 microdeletion syndrome, which has been extensively described, 1p36.3 microduplications have rarely
been reported. We report the two siblings of familial 1p36.3 microduplication, presenting with a severe global devel-
opmental delay, epilepsy, and a few dysmorphic features. They were referred to moderate-to-severe developmental
delay (DD) and intellectual disability (ID). Both were considered eyelid myoclonus with absence of epilepsy (Jeavons
syndrome). The EEG is characterized by widespread 2.5-3.5 Hz spikes and spike slow complex wave, eye closure
sensitivity, and photosensitivity. The children has same dysmorphic features, including mild bitemporal narrowing
and sloping forehead, sparse eyebrows, hypertelorism, ptosis, strabismus, infraorbital creases, wide nasal bridge with
bulbous nasal tip, dystaxia, hallux valgus, and flat feet. Family exome sequencing revealed a maternally inherited 3.2-
Mb microduplication of chromosomal band 1p36.3p36.2. However, DNA purified from blood samples of either parent
did not find evidence for a microduplication of 1p36 in somatic tissue, indicating that such a mutation might be carried
in the germline of the parents as gonadal mosaicism. No other family members of the affected siblings’ parents were
reported to be affected by the symptoms found.

Keywords Chinese family - Familial 1p36.3 microduplication - Global developmental delay - Epilepsy - Dysmorphic
features

Introduction

The 1p36.3 chromosomal region is prone to microre-
arrangements leading to an abnormal phenotype. The
1p36.3 microdeletion syndrome is one of the most fre-
quent microdeletion syndromes and its phenotypical
spectrum is well known. Several critical regions have
been defined as causative for several phenotypical fea-
tures associated with the syndrome, and positional candi-
date genes have thus been identified. Conversely, isolated
1p36.3 microduplications have rarely been reported. This
can be at least partly explained by an ascertainment bias,
chromosomal duplications being classically considered
to have a milder phenotypical effect than correspond-
ing deletions. Indeed most of the described patients with
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a 1p36.3 microduplication also carry another chromo-
somal rearrangement, whether a 1p36 microdeletion
or another deletion or duplication. Thus, it is very dif-
ficult to delineate a phenotypical spectrum for 1p36.3
microduplications.

Clinical report
Description of the family

We describe a family consisting of a 35-year-old mother
(individual IT in Fig. 1), a 36-year-old father (individual
IT in Fig. 1), and their two children. The elder daughter
(individual IIT in Fig. 1) was 1 year old and her brother
(individual IIT in Fig. 1) was 2 years old at first exami-
nation. Both children presenting with moderate-to-
severe developmental delay (DD) and intellectual dis-
ability (ID), another important feature is epilepsy. The
mother (individual Il in Fig. 1) and father were normal.
The mother has two sisters and one brother (individu-
als IT in Fig. 1), who had their children had a normal
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Fig. 1 Pedigree representing the familial segregation of the 1p36.3
duplication in the family

development. The father has one sister and one brother
(individuals IT in Fig. 1), and their children had normal
development (Fig. 2).

Fig.2 A, B The siblings’ hal-
lux valgus and flat feet. C, D
The siblings’ sparse eyebrows,
sparse eyebrows, hypertelorism,
ptosis, and strabismus. E
Younger brother’s eyelid
myoclonus. F Younger brother’s
mild bitemporal narrowing and
sloping forehead

Fig.3 Eyelid myoclonus with FP1-F3

absence in the sister at the age FP2-A4°

of 5 years, with rapid blinking F3-C3
F4-C4

during play with daze and slight
loss of consciousness lasting
approximately 5 s in the waking
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Clinical examination
Proband

The first child of this family, a young girl, was referred
to moderate-to-severe developmental delay (DD) and
intellectual disability (ID). She was born at 39 weeks of
gestation, denied history of hypoxia and trauma, birth
weight, height, and OFC were normal, and poor feeding
in the neonatal period. She was able to sit after 1 year
of age and could not walk without support at the age
of 12 months. Her language is also delayed, consist-
ing of a few simple words at the age of 18 months. Her
medical history was marked by eyelid myoclonus with
absence of epilepsy (Jeavons syndrome), treated effec-
tively with sodium valproate since the age of 2. EEG
(Figs. 3, 4, 5, and 6): widespread 2.5-3.5 Hz spikes and
spike slow complex wave, eye closure sensitivity, and
photosensitivity. Wechsler Intelligence Scale score is
72. MRI showed bilateral hippocampal sclerosis. She
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Fig.4 Sister 6 years old with
multiple eyelid myoclonus epi-
sodes, EEG, extensive medium—
high wave amplitude 3-3.5 Hz
spike-slow complex wave burst
forls
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Fig.5 Open-close eyes test. EEG, eye closure sensitivity for 3 s

has an unusual behavior with some autistic signs: she
is motionless and impassive with poor interactions and
reduced interest in other people or toys. The child has
dysmorphic features, including mild bitemporal nar-
rowing and sloping forehead, sparse eyebrows, hyper-
telorism, ptosis, strabismus, infraorbital creases, wide
nasal bridge with bulbous nasal tip, dystaxia, hallux
valgus, and flat feet (Fig. 2).
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Proband’s younger brother

The second child of the family, a boy, was born at term
after an uneventful pregnancy. Birth weight, height, and
OFC were normal. His medical history was marked by
eyelid myoclonus with absence of epilepsy (Jeavons syn-
drome), and treated effectively with sodium valproate
since the age of 4. Like his elder brother, she has a mild
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Fig. 6 Intermittent photic stimulation (IPS). EEG, extensive spike-slow complex burst

developmental delay. At physical examination, mild bitem-
poral narrowing and sloping forehead, sparse eyebrows,
hypertelorism, ptosis, strabismus, infraorbital creases,
wide nasal bridge with bulbous nasal tip, dystaxia, hallux
valgus, and flat feet were noted (Fig. 2).

Family exome sequencing results
Materials and methods

Genomic DNA from peripheral blood was extracted using
the Whole Blood Genomic DNA Extraction Kit (Beijing
Makino Medical Laboratory Institute, Beijing, China)
according to the standard operating procedure (SOP). The
DNA library was generated by polymerase chain reaction
(PCR) using the KAPA Library Preparation Kit (KAPA Bio-
systems, Boston, USA) according to the SOP. The whole
exome was captured using the SureSelect Human All Exon
Kit V6 (Agilent Technologies, CA, USA). The target region
was sequenced in high throughput using the NovaSeq 6000
platform (Illumina, CA, USA). CNV-sequencing was per-
formed to confirm the pathogenic mutations detected by
WES.

@ Springer

Results

The siblings were tested for the same mutation: seq[hg19]
dup(1)(p36.33p36.32) chrl: g.621095-3816818dup. The
younger brother was sick and also carried the duplica-
tion mutation in this segment. However, the variant was
not detected in the blood samples of the patient's parents
(Fig. 7). The presence of gonadal mosaicism in one of the
parents was highly suspected.

There were 73 protein-coding genes in the CNV
(score =0.9) (Fig. 8). On the basis of these considera-
tions, we are concerned that the evidence is insufficient
for pathogenicity. We searched the DECIPHER database
for cases of shorter CNV that were covered by the dupli-
cation found in this study. This duplication is associated
with 1p36.3 microduplication syndrome, which is consist-
ent; this duplication is associated with 1p36.3 microdu-
plication syndrome, which is consistent with the clinical
manifestations of two patients (Table 1). The patients’
genetic information was not applicable and phenotypes
were, but consistent with that described in similar cases
(score=0.1), so the ACMG score was pathogenic (P). And
we wanted to define the possible pathogenic gene.
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Fig. 7 Family whole exon detection results: 20C242115 sister, 20C242116 father, 20C242117 mother, and 20C242118 brother
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Table 1 Clinical findings in published 1p36.3 duplication carrier patients whose CNV shorter and covered by duplications

Decipher ID Duplication zone (GRCh38) ACMG Clinical findings
Decipher 270940 (patient) 1:1456616-1524663 P Cardiac hypertrophy, hypertrophic cardiomyopathy,
congenital contracture, hypertonia, mitochondrial
dysfunction related muscle abnormalities, corneal
opacity, hypospadias, scoliosis, duplication of
toes, and toe scoliosis
486797 (patient) 1:1354381-2542766 LP Moderate global developmental delay, delayed
puberty, attention deficit hyperactivity disorder,
and seizures
331385 (patient) 1:2112225-3227319 LP Mild global developmental delay and social impair-
ment
337918 (patient) 1:824382-2563755 LP Hypotonia, feeding difficulties, hypertelorism, and
mandibular retrusion
501,880 (patient) 1:2235714-3221916 LP Specific learning disability
144176 (variation) 1:911300-3614487 P De Developmental delay
58315 (variation) 1:872305-2642603 P D Developmental delay
58040 (variation) 1:2659405-3273322 P Seizures
58038 (variation) 1:832679-1254039 P General developmental delay and tetralogy of fall
PMID: Case 6 1:937276-1630409 General developmental delay, hypotonia, and
22766398 macrosomia
Case 7 1:937276-1631228 General developmental delay, language develop-
ment delay, short stature, feeding difficulties, left
ventricular hypertrophy, arachnoid cyst, scoliosis,
and short neck
Our cases 1:685715-3900254 P Developmental delay, mild bitemporal narrow-

ing and sloping forehead, sparse eyebrows,
hypertelorism, ptosis, strabismus, infraorbital
creases, wide nasal bridge with bulbous nasal tip,
dystaxia, hallux valgus, and flat feet

Identifcation of variants in GNB1

In addition, we found that GNB1 may be a repeat intoler-
ance gene (pTriplo score =1.0); both LoF and DN effects

Genes: 1to 10 of 75 (out of 113 total)

Name / Description Location pLl  LOEUF sHet

e © o ©
[ 1.00 Ji 014 N o220 i 0.00 I 1.00 ]

ose, (X0 [oow o7 XD

pHaplo pTriplo GenCC

-7

have been described for patients carrying pathogenic
GNBI variants, which would be in line with the hypothesis
that this gene has a strong contribution to the phenotypes
presented for the siblings.

Show:  Protein coding genes v @
oMM/  G2P ClinGen Links
Morbid
® Yo Y e (2]
Z View~

Discussion

We report a family in which two members carry the same
1p36.3 microduplication without any other chromosomal
imbalance [1-5]. The first published case of familial pure
1p36.3 microduplication was reported by [6]; its additional
particularity is that the duplicated segment is located at the

@ Springer

end of an otherwise intact chromosome 9. The four members
of the family harboring the duplication presented with
global developmental delay, particular facial appearance
including broad nasal bridge, bulbous nose and infraorbital
creases, hypertelorism, and epilepsy for the mother and
sister of the proband. We report the two siblings of familial
1p36.3 microduplication; considering that the variant was
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not detected in the blood samples of the patient’s parents,
it is highly suspected that one of the parents was gonadal
mosaicism.

The phenotypical spectrum of the 1p36.3 microduplication
is quite similar to that of the 1p36 microdeletion syndrome,
which is the most common terminal deletion in human
beings. The hearing loss has been found to be affected in
the patients of 1p36 deletion syndrome, but our duplication
patients has no hearing deo hea.

Greco et al. review 34 scientific articles that described
315 patients with 1p36 deletion syndrome. It is difficult to
delineate the age of seizure onset because most reports do
not specify it. However, from the available data, it seems
that epilepsy usually started in infancy, often during the
first 6 months of life, but rarely in the neonatal period.
Although seizure types are highly variable, infantile
spasms are the most common seizure type detected
[7]. However, in particular, many authors described the
presence of seizure in 1p36 microduplication; it seems
that epilepsy usually started after 3 years old [4—6]. The
age of onset in our cases at 2-3 years. We may need more
cases to clarify the age of onset in 1p36 microduplication.

In addition, among the 73 protein-coding genes, the
GNBI1 gene is considered to be associated with autosomal
dominant mental retardation type 42. Germline de novo
point mutations in the GNB1 gene have been associated
with a new neurodevelopmental disorder named the
GNBI1 syndrome. It is a rare disease, with just over
80 known cases, first identified in 2016. Phenotypic
features include global developmental delay (100%),
hypotonia (78%), seizures (50%), ophthalmological
anomalies (70%), absence of speech (60%), abnormal
vision (58%), inability to walk independently (48%),
growth delays (46%), speech delays (40%), autism
(18%), dystonia (17%), and cardiovascular defects (11%)
[8—14]. GNB1-related pathogenic mechanisms have been
reported to include loss of function (LOF) and dominant
negative (DN) effects. In vitro, D76G and I80T resulted
in a loss of function, whereas K57E, K78E, and K89E
exhibited a dominant negative effect, causing changes
in baseline calcium signaling[14]. Studies of germline
de novo mutations in GNB1 demonstrated a gain-of-
function effect due to constitutive activation of G protein
downstream signaling cascades for some of the affected
residues [11]. However, Schultz-Rogers et al. [15]
reported two patients with functionally confirmed loss
of function variants in GNB1. Their results suggested
haploinsufficiency of GNB1 was a mechanism for
neurodevelopmental disorders in humans [15].

Protein kinase C(PKC)-zeta is an atypical member of
the PKC family. Martin et al. found that the loss of Prkcz
in mice impaired signaling through the B-cell receptor,

resulting in inhibition of cell proliferation and survival,
as well as defects in the activation of Erk and the tran-
scription of NF-kappa-B-dependent genes. Furthermore,
Prkcz-null mice were unable to mount an optimal T cell-
dependent immune response [16].

In conclusion, we report a family in which two members
carry the same 1p36.3 microduplication without any other
chromosomal imbalance. It is highly suspected that one of
the parents was gonadal mosaicism.
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