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Abstract
BACKGROUND 
Chromosomal Xq28 region duplication encompassing methyl-CpG-binding 
protein 2 (MECP2) results in an identifiable phenotype and global developmental 
delay known as MECP2 duplication syndrome (MDS). This syndrome has a wide 
range of clinical manifestations, including abnormalities in appearance, 
neurodevelopment, and gastrointestinal motility; recurrent infections; and 
spasticity. Here, we report a case of confirmed MDS at our institution.

CASE SUMMARY 
A 12-year-old Chinese boy presented with intellectual disability (poor intellectual 
[reasoning, judgment, abstract thinking, and learning] and adaptive [lack of 
communication and absent social skills, apraxia, and ataxia] functioning) and 
dysmorphism. He had no history of recurrent infections, seizures, or bowel 
dysfunction, which is different from that in reported cases. Microarray 
comparative genomic hybridization confirmed MECP2 duplication in the patient 
and his mother who is a carrier. The duplication size was the same in the patient 
and his mother. No prophylactic antibiotic or anti-seizure therapy was offered to 
the patient or his mother before or after the consultation.

CONCLUSION 
MDS is rare and has various clinical presentations. Clinical suspicion is critical in 
patients presenting with developmental delays.
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Core Tip: Methyl-CpG-binding protein 2 (MECP2) duplication syndrome is a rare X-linked neurodevelopmental disorder. 
There is a paucity of data describing typical MECP2 syndrome cases in the literature. We describe the case of a Chinese boy 
with no history of seizure, recurrent infections, or bowel impairment from birth, who inherited duplication of the Xq28 
region, including MECP2, from his mother who is a carrier, and discussed the clinical and genetic characteristics of this 
family. A lack of microduplication of genes in the Xq28 region may explain the absence of typical symptoms, which adds to 
previous reports of a rare genetic mutation in China.
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INTRODUCTION
Methyl-CpG-binding protein 2 (MECP2) duplication syndrome (MDS) is a rare X-linked neurodevelopmental disorder 
caused by chromosomal duplication of the Xq28 region, including MECP2[1,2]. MECP2 is an epigenetic modulator of 
gene function and comprises 486 amino acids[3]. This modulation is important in neurodevelopment, and loss of function 
results in Rett syndrome, which is most commonly observed in female patients. In contrast, MECP2 duplication results in 
MDS, which is 100% penetrant in males. As expected, Rett syndrome and MDS share some overlapping features[1,4]. 
MDS displays a wide array of phenotypic features, including infantile hypotonia, global severe-to-profound develop-
mental delay, poor-to-absent speech ability, mostly lower-limb-predominant progressive spasticity, choreiform 
movements, various seizure types, unsteady gait, recurrent respiratory tract infections, gastrointestinal disorders, 
genitourinary disorders, and craniofacial dysmorphism[1-4]. The severity of the clinical manifestations varies according 
to the size of the Xq28 duplication; the larger the duplication, the more severe the symptoms[5,6]. In addition, triplication 
of MECP2 has been associated with severe symptomatology and macrocephaly[7]. Overexpression of MECP2 results in 
progressive neurological disorders, impairments in learning and coordination, delays in acquiring new motor skills, and 
seizures[8,9]. Of note, half of patients with MDS have a shortened lifespan, with most dying before the age of 25 years[1-
3]. Some studies have suggested that MDS causes neuronal cell death as a result of astrocytic dysfunction, leading to a 
homeostatic imbalance in the central nervous system[10]. Furthermore, MECP2 duplication may affect neural tube 
formation and cause premature differentiation of neural precursors, ultimately leading to cell death and neuronal loss
[11]. Therefore, antenatal ultrasonography has been suggested as a screening modality for MDS. Features observed on 
sonography include prenasal and prefrontal skin thickening in the second trimester, hydrocephalus, ventriculomegaly, 
corpus callosum agenesis, choroid plexus cyst, growth restriction, and hydronephrosis, which may be observed during 
antenatal visits[12].

MECP2 syndrome primarily affects males, and duplication is often inherited from mothers who are carriers because of 
nearly complete skewing of X-chromosomal inactivation[13,14]. Notably, some female carriers may present with 
depression, anxiety, and autistic features with a maintained intellect[4,15]. Despite the paucisymptomatic forms, severe or 
profound abnormal phenotypes in females are rare and are generally due to de novo duplications, unlike in males, where 
severe phenotype duplications are inherited[16,17]. Xq28 microduplication involves several genes, including interleukin-1 
receptor-associated kinase 1 (IRAK1), L1 cell adhesion molecule (L1CAM), filamin A (FLNA), and RAB39B, which are 
responsible for immune functions, cognitive functions, bowel motility, and intellectual impairments, respectively[1-3,18,
19]. In addition, affected male patients do not respond to polysaccharide-containing vaccines, such as those against 
Streptococcus pneumoniae, and may require booster shots[20,21]. Antisense oligonucleotide (ASO) therapy has been 
successfully used to reverse symptoms in mice; however, in vivo research is still in the trial phase[22]. Further research is 
needed to shed more light on this syndrome because of its rarity and phenotypic heterogeneity. There is a paucity of data 
in the literature describing MECP2 syndrome; only 545 cases with confirmed genotype have been published (504 males 
and 41 symptomatic females) from 1987 to date[23].

In this report, we describe the case of a Chinese boy who inherited duplication of the Xq28 region, including MECP2, 
from his mother who is a carrier (confirmed). Compared with that of patients reported earlier in the literature, he had no 
history of pulmonary infections, intestinal motility disorders, or seizures, compounded by a lack of awareness, which 
may have prevented an earlier diagnosis of his condition.

CASE PRESENTATION
Chief complaints
A 12-year-old boy presented with intellectual disability, poor speech, axial hypotonia, and dysmorphic features.

History of present illness
The patient reported a one-month bloody urethral discharge. He had no flank pain or urethral pain.
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Figure 1  Timeline history of the clinical manifestations of the patient.

History of past illness
He was the second of two children, with an older sister who was otherwise healthy. Following an uneventful pregnancy, 
he was born via vaginal delivery at 37 wk of gestation with a birth weight of 3.8 kg, measuring 51 cm with a head circum-
ference of 34 cm. He developed mild asphyxia at birth, which resolved with oxygen administration. He showed no 
feeding difficulties, persistent drooling, or poor suckling at birth, and the primary neurological examination results were 
within the normal limits. He was able to raise his head at 3 mo, sit unsupported at 8 mo, creep at 15 mo, and ambulate at 
3 years of age. At 6 mo of age, he had axial hypotonia, developmental delay, and mild dysmorphic features. He started 
cooing and babbling at 5 and 8 mo of age, respectively, and at 1 year of age, he could utter only two words: “baba” and 
“mama.” He could not speak 6 mo later. At 4 years of age, poor eye contact and aversion to strangers were predominant. 
Hand wringing and automatism were occasionally noticed at 6 years of age (Figure 1). He had no history of hospital-
ization, recurrent respiratory tract infections, constipation, or seizures. Magnetic resonance imaging was not performed, 
and he was not on any chronic therapy or medication.

Personal and family history
The boy’s mother and sister had a confirmed diagnosis of MECP2 duplication. The mother had two younger brothers 
with developmental delays, both of whom died at the age of 8 years. The mother recalled that her brothers could not walk 
or speak at the time of their death. The boy’s mother and grandmother had no symptoms of depression, anxiety, or 
autism. The grandmother’s first husband died of gastric cancer, and she remarried. The grandmother has two daughters 
with her new husband. One of her daughters (the boy’s aunt) has two children: a girl who is asymptomatic and a boy 
aged 8 years who has a similar developmental delay and is awaiting genetic confirmation. In addition, the boy’s 
grandaunt (grandmother’s sister) had three children: two girls and a boy with cognitive and developmental delays who 
died at the age of 5 years. Figure 2 shows the family pedigree with the proband indicated by an arrow.

Physical examination
On admission, the patient needed support while standing and moving and needed feeding assistance. The craniofacial 
features observed were nonspecific and included a broad face, deep-set eyes, protruding ears, midface retrusion, a 
depressed nasal bridge, and an everted lower lip vermilion (Figure 3). Mild hypoplasia of the scrotal sac and rugae were 
observed, and both testes descended bilaterally into the scrotum. In view of the patient's special condition, we assessed 
his intelligence using the Peabody Picture Vocabulary Test. He was considered to have severe mental retardation because 
of his inability to learn and understand complex words and because he could recognize only a few pictures and words.

Laboratory examinations
Genome extraction: The precise size and breakpoints of the duplicates were determined by array comparative genomic 
hybridization (aCGH) of the proband and his family’s deoxyribonucleic acid (DNA) using the MagPure Buffy Coat DNA 
Midi KF Kit. A DNA segment with a band of 150–200 bp was randomly ligated using T4 DNA ligase after terminal repair. 
Axygen beads were used to amplify DNA fragments with splices at both ends using PCR. Up to 160 ng of DNA was 
isolated and cycled to obtain single-stranded circular DNA, according to the amount of data needed to select 14–48 PCR 
products for the same amount of substances to be mixed. Finally, the Huada self-sequencing platform BGISEQ-500 was 
used for 35 sequencing cycles, and the data were processed using the Zebracall software.
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Figure 2 Family pedigree of a Methyl-CpG-binding protein 2 duplication syndrome probing. A: Proband’s pedigree of a Methyl-CpG-binding protein 
2 duplication syndrome probing; B: The family pedigree of his grandmother’s sister.

Figure 3  Photo of the physical examination of the patient.

Sequence analysis: The original data (raw reads) were sequenced and evaluated to remove contaminated and poor-
quality reads. The SOAP and Hg19 genome sequences were compared to exclude repeats. The results were used to divide 
the observed region into windows, and the number of reads in each window was calculated. After standardization, the 
corresponding depth value was used to evaluate the fluctuation of the window, and the data were corrected according to 
different GC contents. The candidate copy number variation (CNV) segments were then identified by binomial 
fragmentation, and the CNV results were obtained by threshold filtering through the set threshold.

Results: The aCGH performed on the patient’s genomic DNA showed Xq28 duplication with breakpoints located 
between positions 153273980 and 153375749 bp with a size of 563.70 kb, a ClinGen CNV score of ≥ 0.99 (Figure 4A), and 
duplication of chromosome 17 (17p11.2p11.1) with a size of 237.67 kb. Size variations were also observed. In addition, 
analysis of the proband’s clinically normal sister revealed a duplication of the same region (153273980–153375749 bp), 
albeit with a different size, 574.40 kb (Figure 4B). The mother showed Xq28 duplication at the same breakpoint, with a 
size of 543.49 kb (Figure 4C), whereas the father’s DNA showed no duplication (Figure 4D). No microduplication of 
genes, such as IRAK1, L1CAM, FLNA, or RAB39B, was observed in the Xq28 region.

Imaging examinations
There was no imaging examination.
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Figure 4 Array comparative genomic hybridizations of proband and his family members showing Methyl-CpG-binding protein 2 
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duplication. A: Array comparative genomic hybridization of proband showing Xq28 and chromosome 17 duplications; B: Array comparative genomic hybridization 
of proband’s sister; C: Array comparative genomic hybridization of proband’s mother; D: Normal results observed in father of proband.

MULTIDISCIPLINARY EXPERT CONSULTATION
Hong Ye, PhD, Chief Doctor, Department of Gynecology. An expert in prenatal diagnosis and genetic counseling, major 
in improving prenatal and postnatal care, ultrasound screening for fetal and genetic counseling. In addition, the expert is 
experienced in the field of recurrent spontaneous abortion, peripartum medical care, and the diagnosis and treatment of 
pregnancy complications.

FINAL DIAGNOSIS
The patient was diagnosed with MDS.

TREATMENT
Prior to consultation, the patient had two episodes of upper respiratory tract infection but no history of seizures, epilepsy, 
or bowel impairment. No prophylactic therapy was initiated, and no records of any previous surgeries were found. After 
the diagnosis was established, the patient was followed up by an interdisciplinary group of specialists, including but not 
limited to genetic counselors, physiotherapists, nutritionists, and experts from other specialties, to provide personalized 
treatment plans and suitable follow-up. No pharmacological treatments were administered.

OUTCOME AND FOLLOW-UP
Follow-up was not possible because the patient did not return to the hospital.

DISCUSSION
Here, we report a case of MDS in a 12-year-old Asian proband. The diagnosis was established during genome invest-
igation based on the patient’s poor milestone attainment, regression of attained developmental skills, dysmorphism, and 
clinical presentation upon consultation. MECP2, which is located on chromosome Xq28, is a regulator of postnatal 
development. MDS was first described in a family of five males with neurodevelopmental delay[24]. Previous studies 
involving Asian patients with MDS have shown that the clinical manifestations are similar to those in Western patients 
with MDS; however, most studies described a single-family member[1,4-6,25], with only one study examining all 
members of the proband’s pedigree: Five affected males and four asymptomatic female carriers[26].

Contrary to patients in the previously reported cases[4-6,25,26], our patient had no history of seizures, recurrent 
infections, gastrointestinal abnormalities, or vasomotor instability. He experienced loss of language skills at 18 months of 
age and could not utter any words or maintain eye contact upon consultation.

Studies have shown that the regression in attained skills is not correlated with the size of MECP2 protein duplication[6,
27,28]. However, seizure onset generally occurs around the time of regression[29,30]. Although this was not observed in 
our patient. The patient had no history of seizures, recurrent infections, or bowel impairment since birth. No microdu-
plication of genes, such as IRAK1, L1CAM, FLNA, or RAB39B, was observed in the Xq28 region. This may explain the 
absence of the typical symptoms of MDS in our patient. We compared core MDS symptoms from previous case reports 
with those of our proband, as shown in Table 1.

Microarray comparative genomic hybridization confirmed MECP2 duplication in the patient and his mother who is a 
carrier. The duplication size was the same in the patient and his parent, confirming that the condition was inherited and 
not de novo. Our patient lost two uncles with symptoms suggestive of MDS due to recurrent respiratory tract infections; 
however, MECP2 was never administered to confirm MDS. In addition, the proband had a friend aged 5 years with 
global developmental delay, hypotonia, and cognitive delay; however, genetic analysis was not performed. It is highly 
possible that they all had MDS. This is a major limitation of our study, as proper follow-up of the patient’s condition and 
that of possibly affected family members was not performed or initiated early enough, and no past imaging was 
performed or recorded.
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Table 1 Comparison of commonly observed symptomatology in the literature with that of our proband

Clinical features of the proband Presence/absence Cases in the literature[6], %

Age at testing 12 yr old < 16 yr old

Developmental delay Present 100

Hypotonia in infancy Present 100

Spasticity Present 59[9]

Seizures Absent 56

IPO or constipation Absent 76[9]

Speech delay and regression Present 84

Genital abnormality Absent 68

History of recurrent infections Absent 83

Neuroimaging, electroencephalography Not performed Available

Duplicate region and size 563.70 kb 200 kb to 2.2 Mb

Inheritance Maternal Maternal, few de novo

Family history Present Present

IPO: Intestinal pseudo-obstruction.

CONCLUSION
Consistent symptomatology affecting male family members, including but not limited to severe intellectual impairment, 
delayed attainment of milestones, and regression in motor and other skills, may help clinicians recognize this rare 
disorder and distinguish it from other chromosomal disorders. Our patient had no typical history of recurrent infections, 
bowel disorders, seizures, or vasomotor instability as reported in the literature. This report adds to the growing number 
of cases observed in China and may aid future studies to evaluate the similarities and differences observed between the 
Asian, African, and Caucasian populations and to better understand the course of the disease. The outlook is poor, as 
patients with this syndrome cannot live independent lives; hence, proper communication is imperative with the families 
of those affected. This study surmised that the decreased prevalence of seizures, recurrent respiratory tract infections, and 
bowel dysfunction observed in patients with MDS may be related to the absence of duplicate genes within the Xq28 
region. MDS diagnosis is important for genetic counseling, and there is a high possibility of reversing some of the 
debilitating symptoms observed in MDS in ongoing clinical trials using ASO therapy.
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