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Abstract

The methyl-CpG-binding protein 2 gene (MECP2) on the X chromosome encodes an essential epigenetic
regulator in human postnatal brain development. Increased dosage of MECP2 causes a severe syndromic form of
intellectual disability, the MECP2 duplication syndrome. Males with this syndrome have a progressive neurological
disorder, severe to profound intellectual disability, epilepsy and recurrent respiratory infections. We report three
cases with copy number gain in Xg28 involving the MECP2 gene. The gains were detected by chromosomal
microarray analysis and ranged in size from 300 kb to 4.96 Mb. The three boys were aged between 3 and 16 years
old. All three had development delay and no speech. In addition, one patient was diagnosed with Lennox-Gastaut
syndrome and another had a Dandy Walker variant. Their clinical features were compared with other reported cases.
We concluded that all three patients’ clinical features were due to the Xq28 duplication, which confirmed the utility of
chromosomal microarray analysis as a first-tier test in patients with unexplained intellectual disability. With a specific
genetic diagnosis, we were able to provide appropriate anticipatory guidance for these patients and their families.
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Introduction

Mutations in MECP2 on Xq28 chromosome were identified as the
cause of Rett syndrome in 1999 [1]. Subsequently, a submicroscopic
duplication encompassing MECP2 was reported in 2005 in a boy with
hypotonia, intellectual disability, absent speech, loss of purposeful hand
movement and development of stereotypic hand movements [2]. The
use of multiplex ligation-dependent probe amplification (MLPA), and
more recently, chromosomal microarray analysis (CMA), has led to
the identification of an increasing number of affected males and the
recognition of the MECP2 duplication syndrome phenotype.

To date, more than 150 affected males have been described in
published reports [3]. The reported clinical features in all cases include
infantile hypotonia with progressive spasticity predominantly affecting
the lower limbs, developmental delay leading to severe to profound
intellectual disability, poor speech development, recurrent respiratory
infections, and epilepsy [4]. Dysmorphic features which may be subtle
include brachycephaly, large ears, midface retrusion and depressed
nasal bridge. Autistic behaviors and problems with gastrointestinal
motility have also been reported [5]. Studies suggest that MECP2
overexpression could have a deleterious effect on brain development
and function in mouse models, manifesting as seizures, spasticity,
hypoactivity and early death [6]. In this report, we describe the clinical
features and genomic rearrangements in three patients with MECP2
duplication.

Material and Methods

Patients’ samples

The studies were approved by the Singhealth Centralized
Institutional Review Board which oversees all research conducted at
KK Women’s & Children’s Hospital. All three patients were evaluated

at Genetics Service, KK Women’s and Children’s Hospital, Singapore.
Peripheral blood was collected in EDTA tubes after written informed
consent for CMA testing was obtained from the parents.

CMA

Genomic DNA was extracted from fresh peripheral blood using
the Puregene DNA Isolation Kit (Qiagen GmbH, Hilden, Germany).
Patients 1 and 2 were tested with the 400 K oligonucleotide Human
CGH array while Patient 3 was tested with the 244 K oligonucleotide
array (Agilent Technologies Inc., Santa Clara, USA). Reference DNA
used was male human genomic DNA (Promega Corp., Madison, W1,
USA). The arrays were processed according to the manufacturer’s
instructions and scanned with Agilent G2505C Microarray scanner
at 5 micron resolution. Data was extracted from the scanned image
using Agilent Feature Extraction (Version 10.7.31) and analyzed for
copy number change using Agilent Genomic Workbench Lite (Edition
6.0.130.24). Genomic coordinates are based on genome build 36/hg18.

Quantitative real-time PCR (qRT-PCR) analysis

A pair of primers for MECP2 was used for confirmation of copy
number gain and analysis of parental samples. Quantitative real-time
PCR was performed using FastStart Universal SYBR Green Master
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(ROX) (Roche Diagnostics Deutschland GmbH, Mannheim, Germany)
and the StepOnePlus real time PCR system (Applied Biosystems
Incorporated, Foster City, CA, USA). Results were analyzed using
Applied Biosystems StepOne software (version 2.1), and the data were
normalized against the reference gene ZNF80.

Results

Comparison of clinical features

Clinical and demographic features and comparison with reported
cases are summarized in Table 1.

Case presentations
Patient 1

Patient 1 is the offspring of non-consanguineous healthy Malay
parents. He was delivered at term following an uneventful pregnancy
via elective caesarean section with a birthweight of 2750g. He was
admitted at 6 days of life for poor feeding and was found to have
hypertrichosis and micrognathia. He had recurrent admissions from 14
to 19 months of age for viral bronchiolitis and had one episode of severe
pneumonia requiring ventilator support at 18 months of age during
which he developed a febrile generalized tonic-clonic seizure. He
also had chronic constipation, failure to thrive, and gastroesophageal
reflux. His development was globally delayed and he had generalized
hypotonia. His karyotype was normal (46,XY).

Ultrasound scans of the kidneys and spine showed bilateral
pelviectasis and intraspinal lipomatosis in the sacral region, both of
which were conservatively managed. Magnetic resonance imaging
study of his brain demonstrated a thin corpus callosum and a Dandy
Walker variant with an inferiorly deficient cerebellum, communication
between the fourth ventricle and cisterna magna, prominent occipital
and temporal horns of the lateral ventricle and a dilated third ventricle.
He developed upper airway obstruction due to tracheal compression
and required non-invasive ventilation during sleep from 2 years of
age. His serum immunoglobulin levels were within normal limits and
his chest x-ray showed mediastinal lymphadenopathy of unknown
cause. Presently 3 years old, he is able to roll over and sit with minimal
support. Speech development is absent and he is fed via gastrostomy.
His seizures are well controlled but he continues to have frequent
respiratory infections.

Patient 2

Patient 2 was delivered at full term with a birthweight of 2630g
following an uneventful pregnancy. His mother is of mixed European
and Asian ancestry, while his father is Caucasian. He initially presented
at 16 months of age with global developmental delay. Clinical
examination showed plagiocephaly, generalized hypotonia, and normal
deep tendon reflexes. There were no specific dysmorphic features.
He sat without support at 2 years of age, but was never able to walk
independently or speak more than 3 single words. As he grew older,
he was noted to have increased lower limb spasticity and started to
develop tight tendoarchilles and ankle contractures. He was frequently
admitted for lower respiratory tract infections. He was admitted with
tonic seizures and drop attacks at 9 years old. He was also noted
to have repetitive purposeless movements such as hand wringing
and body rocking. His electroencephalogram (EEG) showed a slow
background with multifocal epileptiform discharges and he was started
on carbamazepine, which has resulted in satisfactory seizure control.
Currently at 12 years old, he has no speech, is wheelchair-bound but
is fed orally, and he continues to have recurrent respiratory infections.

Patient 3

Patient 3 was delivered at term to healthy non-consanguineous
Chinese parents following an uncomplicated pregnancy with a
birthweight of 2700g. He had a simple febrile seizure at 18 months old.
When he was initially evaluated at 9 years old, he was not able to speak
or feed himself, and walked with a slight shuffling gait. His mother
reported frequent episodes of drop attacks described as a sudden loss of
tone while standing or sitting, with rapid spontaneous recovery. He had
large ears and thick vermillion of upper and lower lips. His tone and
reflexes were normal and he had non-purposeful repetitive movements
of the upper limbs.

His EEG at 11 years old demonstrated diffuse slow spike waves
as well as generalized and multifocal spike wave and poly-spike wave
complexes. Based on his clinical features and EEG findings, he was
diagnosed with Lennox-Gastaut syndrome. Magnetic resonance
imaging (MRI) study of his brain performed at 12 years old was normal.
He gradually developed medically refractory epilepsy and underwent
a corpus callosotomy at 13 years of age to improve seizure control.
Although his seizure control improved, his post-operative period was
complicated by a right subdural haemorrhage and bilateral basal ganglia
infarcts, resulting in significant deconditioning. His neurorehabilitation

Clinical characteristics Patient 1 Patient 2 Patient 3 Frequency or ranges in reported cases
Gender Male Male Male N.A.
Age when last reviewed 3 yearsold | 12 years old 16 years old N.A.
Hypotonia + + + 50%-94% [4,5,9]
Devi:ppm_e_ntal delay / intellectual + + + 100% [4,5.9]
isability
Age at walking - - 5 years old 8 months-8 years [4,9]
Absent speech development + + + 79%-88% [4,5]
Epilepsy + + + (Lennox Gastaut Syndrome) 52-54% [4,5]
Age at onset of epilepsy 18 months | 9 years old 9 years old Variable
Progressive spasticity - + + 59-64% [4,5]
Recurrent infections + + + 72-74% [4,5]
Chronic constipation + - + 33-76% [4,5]
Origin of duplication '\i/l:r:(;irlzl(;y ’\:I:;E:ﬂ:gy Parental samples not available N.A.

Table 1: Summary of clinical features of our patients and comparison with reported cases.

J Clin Med Genom, an open access journal
ISSN: 2472-128X

Volume 3 + Issue 1« 1000125



Citation: Chow C, Lai AHM, Brett MS, Ling S, Ha JS, et al. (2015) Cytogenomic Delineation and Clinical Characterization of Three Cases of MECP2
Duplication Syndrome. J Clin Med Genom 3: 125. doi: 10.4172/2472-128X.1000125

Page 3 of 5
EftEe:cin i W i mi. |
Scale 2 Mb} | hgta
Ll chrx: | 151,000,000| 152,000,000/ 153,000,000/ 154,000,000]
MECPZ Duplications
Patenr |
Patient2
Ll Patient3 |
UCSC Genes (RefSeq, GenBank, IRNAs & Comparative Genomics)
cogsLz 4K vmazi | GABRE | GABR@|  MAGEA1)  PNCK)  TEX28|| IKBKG vert | SPRY3|
HMGB3 | PasD1 HHY MAGEAS | ZNF27s|  sRPk3| TExzsll  pkci| cuczlf  vampriff
GPRSO|  PRRG3| CSAG3| TREX2) LcaP| FLna]l MPP1l  HzaFez| IL9R ||
FAaTET | MAGEAZ | ucHLsIP]  #rD1a|  EMD| FalHll  Fsas| WASH1T
cNGaz | MAGEA1Z ) BGN|  IRak1] Taz|  Fsas) F8as|
MAGEA4 | csaGt | atPze3  opPniLw] cTaGz| RAB39B |
MAGEAS | MAGEAZ | Famssa|  OPNIMw GaB3 fH HeaFBe |
MAGEA10 ) csaGs3| DUSPS | TEX28 | HzaFBs | TMLHE i+
GABRAZ [l PNMas| sLceas | TeTL FunDcz j|
MAGEAS | BcaPat ] aksoreas MTCP1 )
CETNZ | agcD1 | RPL10 MTCP1 |
NSDHL | ABCD1 RPL10| BRCC3 |
znF1ss | PLXNB3|  ATPBAP1 |
PNMAS | IDH3G | G0 |
PNMBBA | SSR4 | FaMS0A |
POZD4l  PLXNAS]
Licam| LAGE3 |
AVPRZ | uBL4A |
arRHGAPa | Famaa|
RENEP | G6PD |
HCFet | 1KBKG |
TMEM187|  CTaG1B|
MECP2 H
OPN1MYY |
DNASEILT |
SLC10A3 |
CTAG1A|
Figure 1: Screenshot of the UCSC Genome Browser showing the size of the duplications for the three patients and the genes affected. The minimum duplicated
regions were ChrX:149,904,265 — 154,861,548 for Patient 1, ChrX:152,257,222 — 153158798 for Patient 2, and ChrX:152,930,233 — 153,230,284 for Patient 3.

was frequently interrupted by prolonged hospitalizations for aspiration
pneumonia and septicemia. He subsequently became bed-bound and
required a gastrostomy for enteral feeding. He died at 16 years old while
residing in institutionalized care.

Molecular genetic analysis results

CMA detected copy number gains at Xq28: 4.96 Mb for Patient 1,
1.90 Mb for Patient 2, and 0.30 Mb for Patient 3 (Figure 1).

Real-time PCR analysis targeting MECP2 confirmed the gains for
Patients 1 and 2. Testing of parents showed that in Patient 1 and Patient
2, the gains were inherited from their mothers while the fathers have
normal copy number (Figure 2). Parental samples were not available
for Patient 3.

Discussion

There are now more than 150 documented MECP2 duplication
cases, with reported sizes ranging from 0.08 Mb to 23 Mb and
breakpoints that are mostly unique [4,7]. This is in contrast to
other recurrent microduplication syndromes which have recurrent
breakpoints that result from homologous recombination in regions
with low copy repeats. And for two of the three patients, we have
further determined that the gains were inherited from mothers who
were asymptomatic, likely because the regions with the gains were part
of the X chromosomes which were inactivated and functionally inactive
in the mothers.

The MECP2 gene encodes an essential epigenetic regulator in
postnatal brain development. Mutations in the gene can cause Rett
syndrome which is a postnatal neurodevelopmental disorder seen
almost exclusively in females. Typical features include neuroregression
following early normal growth and development, stereotypical hand
movements, and problems with walking as well as social and language
skills.

The neurological features of MECP2 duplication, which are
present in our patients, include early hypotonia, developmental delay,
epilepsy and limited or no speech. Due to axial hypotonia, gross motor
milestones are delayed and patients may not start walking till 4 years
of age [4]. Up to 80% of affected individuals do not develop speech, as
seen in all three of our patients. Progressive spasticity, which leads to
eventual poor mobility, was seen in Patient 2. Developmental regression
which usually correlates with seizure onset is evident in Patient 3,
possibly also contributed by his post-surgical complications. Abnormal
movements mainly involving the upper limbs, observed in Patients 2
and 3, are also typical [5]. Seizures in children with MECP2 duplication
syndrome often occur between the ages of 4 to 13 years, but isolated
febrile seizures have been reported in younger children [8]. This is
consistent with the clinical presentation of seizures in our cases. Seizure
semiology is highly variable — generalized tonic-clonic, atonic, absence
and myoclonic seizures have all been previously reported [4,5,8,9].

Patient 3 was diagnosed with Lennox-Gastaut syndrome (LGS)
based on his clinical presentation of refractory epilepsy and EEG
findings. While refractory and drug-resistant epilepsy is often reported
in children with MECP2 duplication syndrome, the majority of
children are not diagnosed with a specific epilepsy syndrome [8,10].
The association of Lennox-Gastaut syndrome with MECP2 duplication
has been reported in an adult study but not in paediatric reports [11].

Reported neuroimaging abnormalities include generalized
ventricular dilatation, and hypoplasia of the corpus callosum and
cerebellar vermis which are seen in Patient 1. A Dandy Walker variant
(seen in Patient 1) has only been reported in one other patient [12].

About 75% of reported patients have recurrent respiratory
infections, which are often the cause of alimited lifespan. All our patients
had frequent hospitalizations for lower respiratory tract infections,
with some episodes requiring invasive ventilation and intensive care
admission. In a clinical study, T helper cells from children and mice
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Figure 2: Confirmation of the Xq28 copy number gain by relative quantitation (RQ) of copy number of MECP2 using qRT-PCR for Patients 1 & 2. (A) Patient 1 and
father compared to a male control. (B) Patient 1’'s mother compared to a female control. (C) Patient 2 and father compared to a male control. (D) Patient 2’s mother

compared to a female control.

with MECP2 duplication displayed impaired interferon-gamma
secretion and T helper cell type 1 responses, suggesting a partially
immunodeficient state [13]. This could explain the predisposition to
recurrent respiratory infections. Of particular interest is the JRAKI
gene which is duplicated in almost all patients with MECP2 duplication
syndrome, including all three of our patients. JRAKI encodes an
interleukin receptor-associated kinase that plays an important role in
immunity against certain pyogenic bacteria by inducing inflammatory

target gene expression [4]. However, immunological studies have not
shown a clear role of IRAKI duplication in the immunodeficiency
observed in MECP2 duplication syndrome patients.

Patient 1 is of particular interest as the region of gain is large,
including MECP2, FLNA, L1ICAM, GDII1 and EMD. Increased FLNA
gene dosage is thought to compromise enteric neuron development and
affect neuronal migration, leading to the gastrointestinal symptoms of
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chronic constipation or intestinal pseudo-obstruction [14]. The role
of FLNA in chronic constipation is corroborated in our three patients:
FLNA was duplicated in Patients 1 and 3 who had chronic constipation,
while Patient 2 did not have FLNA duplication nor chronic constipation.
For LICAM which is expressed predominantly in the nervous system,
mutations have been associated with structural brain abnormalities
such as hydrocephalus due to stenosis of the aqueduct of Sylvius and
corpus callosum hypoplasia [15]. It is possible that Patient 1’s MRI brain
findings are related to involvement of this gene, as Patient 3’s MRI was
reported as normal (Patient 2’s parents did not consent to MRI). GDI!
has been linked to X-linked intellectual disability,[16] while mutations
in the Emerin (EMD) gene lead to X-linked Emery-Dreifuss muscular
dystrophy [17]. As gain-of-function mutations of EMD are yet to be
reported, it is difficult to predict the influence that this gene duplication
will have on our patient.

Conclusion

While our patients contribute to an increasing pool of MECP2
duplication syndrome individuals reported, it is likely that the frequency
of this relatively new syndrome is under-reported. CMA can reliably
diagnose this duplication syndrome as well as other microdeletion
and microduplication syndromes, and is recommended as a first-tier
genetic test in patients with unexplained intellectual disability. Making
a specific genetic diagnosis supported by molecular data will allow
physicians to provide appropriate anticipatory management, and more
accurate information about prognosis and recurrence risks.
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