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EXPANDING THE CLINICAL SPECTRUM OF INTELLECTUAL
DISABILITY ASSOCIATED WITH MECP2 DUPLICATION
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Xq28 duplication or MECP2 duplication syndrome (MDS) is a rare X-linked genetic disorder characterized
by intellectual disability (ID), neurodevelopmental disorders (NDDs), recurrent respiratory infections, abnormal
facial features, and progressive neurological decline. Several challenges exist in the clinical identification of
MDS, particularly given that most male patients inherited the chromosomal abnormality from asymptomatic
or mildly symptomatic carrier mothers. The objective of our familial case series was to provide a clinical
description of four males with intellectual disability across two generations in a Vietnamese family with
MECP2 duplication syndrome. Chromosomal microarray analysis (CMA) was used to confirm the molecular
abnormality and its segregation within the family. This familial case series illustrates typical and variable
manifestations of MDS, especially changes observed from the fetal to the neonatal and adolescent period,

which is essential, especially in diseases reported as progressive neurological decline, such as MECP2.
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I. INTRODUCTION

The MECP2 gene (OMIM #300005), located
on the terminal of the long arm of chromosome
X (Xg28), encodes the methyl-CpG-binding
protein 2, capable of binding specifically to
methylated DNA - a critical regulator of gene
expression."? To date, numerous studies have
demonstrated its role in neuronal maturation and
synaptic regulation. In mice, MeCP2 regulates
growth differentiation (Gdf11),
which losing one copy can cause multiple
neurobehavioral deficits.® In humans, variants
in MeCP2-interacting TCF20/PHF14 complex
components have recently been increasingly
recognized as central factors associated with
neurodevelopmental disorders.*
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Understanding alterations in MECP2 protein
across developmental stages will explain
the diverse clinical phenotypes observed in
MECP2-related disorders. Its expression starts
in mid-gestation and continues increasing until
10 years old. In adulthood, MeCP2 reaches its
plateau as a critical factor in the maintenance of
neuronal function.® Alterations in MECP2 level,
either through loss or gain of MeCP2 function,
can cause neurodevelopmental disorders as
Rett syndrome (RTT; MIM 312750) or MECP2
duplication syndrome (MDS; MIM 300260),
respectively. Despite overlapping phenotypes,
RTT-specific symptoms are developmental
regressions in females and MDS-specific
symptoms represent a distinct clinical entity
characterized by moderate to severe intellectual
disability, epilepsy, recurrent infections, and
progressive neurological symptoms in males.%®

In contrast to other methyl-CpG binding
domain family members (MECP2, MBD1,
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MBD2, MBD3, and MBD4), MECP2 is X-linked
and subject to X inactivation. Most reported
MECP2 duplication cases are males with
maternally inherited duplications, while female
carriers are typically asymptomatic or mildly
affected due to X-inactivation.® Chromosomal
microarray analysis (CMA), with a detection
resolution of approximately 300-400 kb for copy
number changes, is currently the most suitable
genetic technique for detecting MDS.8

To our knowledge, there is no case of
MDS reported in Vietnam, and few studies
have documented its longitudinal phenotypic
evolution, particularly in Asian populations.
The objective of this study is therefore to
describe the genetic and phenotypic spectrum
of familial MDS cases across developmental
stages. Comprehensive knowledge of its
typical and variable manifestations is essential
for accurate diagnosis, effective genetic
counseling, and age-appropriate management
and follow-up, particularly given its progressive
neurological nature.

Il. MATERIALS AND METHODS

A familial case series was conducted at the
Center of Clinical Genetics and Genomics, Hanoi
Medical University Hospital between April 2025
and June 2025. Six family members with clinical
features suggestive of neurodevelopmental
disorder or X-linked inheritance were invited
for clinical evaluation and genetic testing.
We performed a comprehensive assessment
including a report of detailed perinatal and

postnatal history and an evaluation of dysmorphic
features and developmental milestones from
both observation, and parents’ report.

We performed chromosomal microarray
analysis test on two separate occasions, both
using the GenetiSure Cyto CGH Microarray
Bundle 8x60K (G5982C) (Agilent Technologies,
Santa Clara, CA, USA). The average probe
spacing was approximately 60 kb, and data were
analyzed using Agilent Cytogenomics Software
v5.4 with the GRCh38/hg38 genome build as
reference. Copy-number variants (CNVs) were
called using standard manufacturer thresholds
(log, ratio + 0.3; minimum of five consecutive
probes). Segregation testing was subsequently
performed in available family members (11.10,
(.11, 111, 1l1.12). CNVs were classified
according to the ACMG/ClinGen 2020 technical
standards for CNV interpretation. We interpreted
and reviewed all variants independently. CNVs
identified by CMA were later validated by CNV
analysis derived from exome sequencing data
generated on the MGl NEXome XP Panel v1.0
platform.

The study was conducted in accordance
with the Declaration of Helsinki and approved
by the Institutional Ethical Review Board of
Hanoi Medical University (Ethical Certification
in Research No. 93/GCN-HDBBNCYYSSH-
DBHYHN, Hanoi, 9 June 2023). Written informed
consent was obtained from all participants or
their legal guardians for genetic testing and
publication, including images and the pedigree.
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lll. CASE STUDY
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Figure 1. Family pedigree with the black arrows indicating the study subjects

Patient 111.10

A 10-month-old boy was referred to the
Center of Clinical Genetics and Genomics,
Hanoi Medical University Hospital, for
evaluation of global developmental delay and
a positive family history of neurodevelopmental
disorders. He was born via cesarean section at
36 weeks and 5 days of gestation due to fetal
distress following a pregnancy complicated
by intrauterine growth restriction. Birth weight
was 2.6 kg. At 10 months old, developmental
assessment showed delayed milestones, with
inability to roll over and poor head control. In

addition, he experienced frequent brief focal
tonic spasms of both hands several times per
day, each lasting a few seconds without loss
of consciousness. At seven months of age,
a congenital ventricular septal defect was
identified and corrected by surgical intervention.
He also suffered from recurrent bronchiolitis
requiring repeated hospitalization.

Dysmorphicfeaturesincluded atall forehead,
thin tented upper lip, low nasal bridge, down
slanting palpebral fissures, low-set ears and
facial hypotonia.
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Figure 2. Facial features of patient 1ll.10, 10 months old (A) and CMA result (B)
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Classification (Scoring: pathogenic 0.99
or more points, likely pathogenic 0.90 to 0.98
points, variant of uncertain significance 0.89 to
—0.89 points, likely benign —0.90 to —0.98 points,
benign -0.99 or fewer points): Pathogenic

Given the suspected genetic etiology, the
patient 111.10 underwent karyotyping, CGG
repeat expansion on the FMR1 gene for Fragile
X syndrome testing, and CMA. Karyotype
result and CGG expansion numbers found no
abnormality (36 repeats), while CMA identified a
maternally inherited duplication at chromosome
Xg28. The breakpoint of the duplication
position was located between 153,594,028 and
154,140,741 on X chromosome (GRCh38),
spanning 546 kb, encompassing the MECP2
locus and 12 morbid genes (gene that has been
conclusively associated with human disease) in
OMIM (Online Mendelian Inheritance in Man)
database: ABCD1, AVPR2, BCAP31, CCNQ,
HCFC1, IDH3G, L1CAM, MECP2, NAA10,
SLC6A8, SRPK3, SSR4. Based on the child’s
clinical manifestations and classification as
Pathogenic according to the ACMG/ClinGen
2020 criteria (Supplementary Table 1), a
diagnosis of MDS was confirmed. Considering
his positive family history and examination,
CMA testing was subsequently performed for
his two maternal cousins (patients IIl.11 and
[1.12).

JMR 202 E18 (05) - 2026



JOURNAL OF MEDICAL RESEARCH

(%GZ) yosads
pajiwi| /SpJom me

(% 69)
yooads jussqy

9oUaUuUodU|
[elliwejun /eljiwe}
paziubooal 0} 9|qy

yooads juasqy

9ouUaUuUOdU|
[eljiwejun /eljiwe;}
paziubodal 0} 8|y

yooads jussqy

[eljiwejun
/lefjiuwe)
paziubooal

0} 9|Iqv
yooads juasqy

syuow Q-6 :eAnubo)n
syjuow g-/ :[eI00S-|euosiad
syuow g-9 :ebenbue]

s|is
uonesIuNWWwo)

SI0SIoUl [BJJUSD

eluojodAy |eioe}

wnsJiop suiwoud ‘Yes) Jeje pue sies }9s-MO| ‘SaINnssiy
[eSBU MO| ‘sied paddeb ‘Jeje |eseu [eSBU MOoJleN |eigadjed Bunuejsumop
Biq ‘eoejpiw |lews WiNSIop |eSeuU MO| MOlIBU ‘Sied U0} BPIM ‘ebpuq |eseu moj ‘dij Jaddn ainjeay
‘sanijewlouge pJiN ‘leje |leseu modieu B1q ‘yuoly apIpn ‘dip oy pajus) uly} ‘peayaloy |ej e oydiowsAg
sieah zg sieah ¢ sieah ¢ syjuow / Josuo jo aby
uoljeujwexa
sieah zg sieah ¢ sieah g| syuow z1 }si} jo aby
‘alewsy
ul wojdwAs ou Jo
o[y ‘ejew Apso Slen ey SleN SeN Xag

ceoz ‘lejs el
Aq mainal ajo1e
wouy paydepy

Ll

cLi

LLII

oL

ainjela}l] ay} ul sased papodaa Ajsnoinaid yjm

pajedwod spueqo.d pajosjje N0y 1IN0 Ul PAAISSO S8IN}ea} [edIul|d 8y} S9zLIewwng g ajger

JMR 202 E18 (05) - 2026



JOURNAL OF MEDICAL RESEARCH

(%12) @sn
puey |njasodind

JO uoissalbay

asn
puey |nyasodind
JO uoissaibay

sjuawaAOW
(%€9) sjuswanow puey
wojia10yD sjuswaAoW wiojiaioyD
(%S¥) Aonsedg SjuswWaAOW puey wuJojiaioy)n ‘Ayonseds
(%8S) wuogaioyd ‘Ayonseds Jleb paseq
ueb paseqg-apim ‘1eb paseqg-apim ‘Jeb paseqg-apim -apIm/oIxeje subis
/OIXe]e 0 BIXeyy JOIXe]e IO BIXe)y JOIXE]R IO BIXB}Y 10 eixeyy eluojodAH |eaifojoinaN
(%6€) s|IiS
s||IMs Jojow ssoub Jojow sso.ub
JO uoissalbay - - Jo uoissaibay
(%G9) Bunjiem
10 uonisinboy
(%c6) Bunys
10 uonisinboy
(%68) |013u0d Bupjiem Bunjiem Bunjiem Syjuow /-G :1ojow aul4 uopouny

peay Jo uonisinboy

10 uonisinboy

Jo uonisinboy

10 uonisinboy

Syjuow g-9 :10jow Ssolo)

J0ojow SS0.19

ceoz ‘lejs el
Aq mainal ajoie
wou} paydepy

LN

cL

LLIN

oL

JMR 202 E18 (05) - 2026



JOURNAL OF MEDICAL RESEARCH

eyl el JuBjUI WO}
SuoNo8yUI woJ} sijoIyououq woJ} siijolyosuolq siI[o1youoIq
Aiojeaidsal jo ‘eluownaud ‘eluownaud ‘eluownaud (yyuow Jad saposids z-1) wa)sAs
soposide aidinn Jualinoay jualInosy JUa1Inoay |eleu 1sod ui siijoIyouolg Aiojesidsay
S}09J8p JejnoseA yuow / je pajelado walshs
aney 9, 1g V/N V/N V/N 10940p [eldas Je|noujusp Jejnaseaoipie)
Aungey|
a|gejLul ‘siaplosip Buiqgnu Buiqgni pue
wnJjoads onsine pue Buidde|o Buiddeo spuey
10 9|geroos spuey :loiaeysq :JoInBYaq slaplosip
‘pexejal Joyy3 Aiigeyd| aneday anneday - |eJolreyag
uolssiwal
ul ‘|ereu 1sod ui }J8suQ
(%89) yjuow "pouad unoy
salnzias Alojoeljal Jad sainzies -y B ul sainzias a|dinw
-juswijeal| 0Z-0] ‘sieak ‘Uae ‘spuodas GL-0| Alens
(%€S) 0l 18 18suo y8( ‘spuey g Buinjoaul
Asde|id3 /sainzieg - - ‘alnzias J1uo| 8Inz19s 21U0[00AW [BO0H Asdajidg

ceoz ‘lejd el
Aq mainaa sponle
wouy paydepy

LN

cL

LLII

oL

JMR 202 E18 (05) - 2026



JOURNAL OF MEDICAL RESEARCH

Sseuyeam a[osn|\

swoldwAs
aJosn

wo)lsAs

|jenuab ayajdwosul
‘uonesbiw
Jejnonsa) pakejap
‘safljew.ouge pliN

wolsAs
A1eunnojiuag

(%05) sannouIp
Buimojiems

(%02) Buooig
(%z/)uonednsuo)d
:wa|qo.d

[eoiulo Jofew e ale
sanss| [euonoun

|eunsajulos)ses)

ceoz ‘lejs el
Aq mainal ajoie
wou} paydepy

LN

cL

LLIN

oL

JMR 202 E18 (05) - 2026



JOURNAL OF MEDICAL RESEARCH

Patient Ill.11 and 111.12

Two maternal cousins of patient [l1.10
presented in early childhood with severe motor
and mental delay; each achieved independent
walking only at three to four years of age.
Neurological examination revealed generalized
hypertonia. In addition, stereotypical
handclapping and rubbing movements had
been observed. The elder brother (l11.11), now
18 years old, had a more severe course and
developed tonic seizures at the age of ten,

-

occurring 10-20 times per month. The younger
brother (111.12), 13 years old, did not experience
seizures. Both had recurrent respiratory
infections since infancy but no history of cardiac,
gastrointestinal, or genitourinary abnormalities.

Shared dysmorphic features included a
broad forehead, large ears, narrow nasal alae,
down slanting palpebral fissures, epicanthal
folds, low nasal bridge, and a long face; the
younger brother (I1l.12) additionally had a
diastema with prominent upper central incisors.

Figure 3. Facial appearance of patients 11l.11, 18 years old and 1ll.12, 13 years old

CMA identified a duplication at chromosome
Xg28 with the breakpoint was located
between 153,594,028 and 154,325,028 on
X chromosome (GRCh38), spanning 731kb,
involves 29 protein-coding genes, including
14 morbid genes in OMIM database: ABCD1,
AVPR2, BCAP31, CCNQ, HCFC1, L1CAM,
MECP2, NAA10, OPN1LF, OPN1MW, SLC6AS,
SRPK3 and SSR4. This finding also confirmed
the diagnosis of MDS in these patients.

Patient 11.11

A similar clinical phenotype was observed
in their maternal uncle (I1.11, 32 years old).
He presents with global developmental delay
and absent speech. Although able to walk
independently, he remained fully dependent
in daily activities and had urinary and fecal
incontinence, accompanied by marked irritability.

He also had recurrent episodes of
pneumonia and bronchiolitis since childhood.
Facial features included hair sparse anteriorly,
a low nasal bridge.

10
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Figure 4. Facial appearance of patient 11.11,
32 years old

Given the clinical resemblance to the affected
nephews, genetic testing for the familial variant
is pending to confirm the diagnosis of MDS and
to guide genetic counseling once the results are
available.

IV. DISCUSSION

Our report represents the first
documentation in Vietnam with familial MDS
cases across multiple developmental stages,
including prenatal, postnatal, and adolescent
presentations. At the initial evaluation, the
family pedigree suggested an X-linked pattern
of inheritance, involving three affected male
cousins and one maternal uncle. CMA then
identified a duplication at Xq28 segregation
within the pedigree, confirmed the diagnosis of
MDS, an X-linked neurodevelopmental disorder
characterized by early-onset hypotonia, severe
intellectual disability, minimal or absent speech,
recurrent respiratory infections, and epilepsy.

In contrast to most congenital causes
of intellectual disability that follow a static

developmental course, MDS demonstrates a
distinctly progressive neurological trajectory. In
almost reports, affected infants usually present
with generalized hypotonia in the neonatal
and early infancy periods, also observed in
our patient 111.10." Over time, particularly
from late childhood into adolescence, this
hypotonia gradually transitions to spasticity,'?
as documented in patients Il1.11 and 111.12 at
13 and 18 years of age, respectively. Scoliosis
is the most commonly reported orthopaedic
issue in 27% of MDS patients, likely caused
by spasticity observed in MDS, as reported
by Ta et al. 2022."" Such findings emphasize
the motor impairment in MDS and the need
for longitudinal neurological assessment and
multidisciplinary supportive care throughout
disease progression.

Epileptic manifestations are reported in
approximately half of individuals with MECP2
duplication syndrome, with a highly variable
age of onset and frequency increases with
age." Within the same family, onset can occur
as early as 10 months, as observed in our
youngest affected individual, while remaining
absent even in late adolescence, as in patient
[11.12. Nevertheless, because epilepsy can
present later in adulthood, several reports-
including those by Marafi et al. (2019) and
Takeguchi et al. (2021)-have documented
cases of late-onset seizures in adults with
MECP2 duplication syndrome, highlighting the
need for continued neurological surveillance
beyond adolescence.''* Reardon et al. showed
a consistent progressive degenerative as
behavioral problems, regular multidisciplinary
follow-up and systematic monitoring for
seizures and other progressive manifestations
are recommended.

Among our patients with MECP2
duplications, the start points of the duplications
are consistent (153,594,028 in GRCh38),

JMR 202 E18 (05) - 2026
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whereas the end points vary (154,325,028 and
154,140,741 in GRCh38), given the variability in
size among members of the same family. This
can be explained by complex recombination
mechanisms: non-allelic homologous
recombination, which occurs between highly
similar DNA segments, and fork stalling and
template switching / microhomology-mediated
break-induced replication, which
microhomology at breakpoints and can generate
duplications with heterogeneous endpoints.
These mechanisms have been described in
MECP2 duplication syndrome. 8"

involves

To date, no clear genotype-phenotype
correlation has been established. In our series,
all affected males presented with severe
intellectual disability and recurrent respiratory
infections. Interestingly, patient 111.10 harbored
a relatively small duplication encompassing
fewer morbid genes, had intrauterine growth
restriction detected on prenatal ultrasound,
congenital heart disease and early-onset
epilepsy. Notably in the level of gene, only a
limited number of additional genes within the
duplicated region-such as FLNA (associated
with chronic constipation or Hirschsprung
disease in MDS), GDI1 (linked to microcephaly
in MDS), or RAB39B (associated with more
severe phenotypes in MDS, including Dandy-
Walker malformation)-have been proposed to
contribute to variability in genotype-phenotype
expression in MDS." None of these genes
was included in the duplication observed in our
patients.

Among female carriers, I11.10’'s mother
had normal cognition but dysmorphology
examination found a long face with midface
hypoplasia, a sign that was reported in two-
thirds of patients (67/99) and is a prominent
clinical feature of MDS." Female -carriers
are generally asymptomatic due to skewed

X-chromosome inactivation (XCI) but may
develop subtle neuropsychiatric features-
such as anxiety, depression, or compulsive
behaviors-that can be overlooked during routine
evaluation.® Unfortunately, we were unable to
quantify XCl ratios to correlate them with clinical
variability in this study. But identifying carrier
females facilitates accurate reproductive risk
assessment and prenatal or preimplantation
genetic testing in the future.

Our report presents longitudinal prenatal-
to-adolescent data, expanding the phenotypic
spectrum of intellectual disability associated
with MDS. However, it is limited by the small
sample size, absence of XCI testing, pending
genotype confirmation in individual 11.11, and
incomplete paraclinical details in some patients.

V. CONCLUSIONS

In conlusion, we illustrate typical and
variable manifestations of MDS and expand
the spectrum of familial transmission patterns,
especially changes observed from the fetal
to the neonatal and adolescent period,
emphasizing the importance of early genetic
evaluation. Chromosomal microarray should
be performed in male infants presenting with
intellectual disability, recurrent infections and
epilepsy to establish an accurate diagnosis,
guide clinical management, implement
appropriate surveillance, and provide genetic
counseling for carrier mothers.
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