
U
N
C
O

R
R
E
C
T
E
D
 P

R
O

O
F

1 Prenatal diagnosis of foetuses with congenital abnormalities and
2 duplication of the MECP2 region

3 FangQ1 Fu a,1, Huan-ling Liu b,1, Ru Li a, Jin Han a, Xin Yang a, Pan Min a, Li Zhen a, Yong-ling Zhang a, Gui-e Xie a,
4 Lei-ting Ying a, Yan Li a, Jian Li a, Dong-zhi Li a, Can Liao a,⁎

5 a Department of Prenatal Diagnostic Centre, Guangzhou Women and Children's Medical Centre, Guangzhou Medical University, Guangdong 510623, China
6 b Ultrasonic Department of Panyu Central Hospital, Guangzhou, Guangdong 511400, China

a b s t r a c t7 a r t i c l e i n f o

8 Article history:
9 Received 12 February 2014
10 Received in revised form 19 May 2014
11 Accepted 6 June 2014
12 Available online xxxx

13 Keywords:
14 Prenatal diagnosis
15 TheMECP2 duplication syndrome
16 Congenital malformation
17 Chromosome microarray analysis

18MECP2 duplication results in a well-recognised syndrome in 100% of affected male children; this syndrome is
19characterised by severe neurodevelopmental disabilities and recurrent infections. However, no sonographic find-
20ings have been reported for affected foetuses, and prenatal molecular diagnosis has not been possible for this dis-
21ease due to lack of prenatal clinical presentation. In this study, we identified a small duplication comprising the
22MECP2 and L1CAM genes in the Xq28 region in a patient from a family with severe X-linked mental retardation
23and in a prenatal foetuswith brain structural abnormalities. Using high-resolution chromosomemicroarray anal-
24ysis (CMA) to screen 108 foetuses with congenital structural abnormalities, we identified additional three foe-
25tuses with the MECP2 duplication. Our study indicates that ventriculomegaly, hydrocephalus, agenesis of the
26corpus callosum, choroid plexus cysts, foetal growth restriction and hydronephrosis might be common ultra-
27sound findings in prenatal foetuses with the MECP2 duplication and provides the first set of prenatal cases
28with MECP2 duplication, the ultrasonographic phenotype described in these patients will help to recognise the
29foetuses with possibleMECP2 duplication and prompt the appropriate molecular testing.

30 © 2014 Published by Elsevier B.V.
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35 1. Introduction

36 Gain-of-functionmutations inMECP2 (methyl-CpG-binding protein 2)
37 result in a well-recognised syndrome in 100% of affectedmale children;
38 this syndrome is characterised by recurrent respiratory infections and
39 severe neurodevelopmental disabilities including severe mental retar-
40 dation, seizures, absent or delayed speech and infantile hypotonia that
41 progresses to spasticity (Ramocki et al., 2010; Sanlaville et al., 2009).
42 The female carriers of an Xq duplication are usually asymptomatic
43 because of skewed X-chromosome inactivation (XCI) patterns that
44 preferentially inactivate the re-arranged chromosome. However, non-
45 specific and variable phenotypes including mild to moderate mental
46 retardation, autistic features, recurrent infection in early childhood,
47 constipation and late-onset neurological features have been described
48 in several female patients (Auber et al., 2010; Grasshoff et al., 2011;
49 Makrythanasis et al., 2010). The precise incidence of the MECP2

50duplication syndrome and MECP2 duplication carriers in the general
51population has not been studied in an un-biasedmanner; however, sev-
52eral lines of evidence indicate that the MECP2 duplication syndrome
53might contribute to approximately 1% of the cases of X-linked mental
54retardation. When male patients with primary mental retardation and
55other clinical features of theMECP2 duplication are screened, the prob-
56ability of detecting the MECP2 duplication increases to 15% (Ramocki
57et al., 2010). MECP2 triplication has also been observed in several pa-
58tients; this causes a similar but more severe phenotype than the
59MECP2 duplication. Patients with theMECP2 triplication have additional
60symptoms including infantile hydronephrosis and nephrolithiasis, se-
61vere childhood constipation, macrocephaly and large ears (del Gaudio
62et al., 2006; Tang et al., 2012).
63Although more than 100 cases of MECP2 duplication have been de-
64scribed, all of the reported individuals were postnatal patients who
65had recognisable clinical features. One exception was the prenatal foe-
66tus in the last trimester described by Wax et al. (2013); that foetus
67had non-specific prefrontal and prenasal skin thickening and mild
68ventriculomegaly (11 mm). However, molecular diagnosis of the
69MECP2 triplication was not possible in that case until the neonatal
70period.
71Chromosome microarray analysis (CMA) is used for detecting
72micro-deletions andmicro-duplications at high resolution and provides
73direct information on the genomic position and the gene affected by the
74chromosomal aberration (Van Esch et al., 2005). Over several years, we
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75 performed high-resolution CMA using Affymetrix CytoScanHD and 750
76 K arrays to investigate foetuses that had structural abnormalities, which
77 were detected by ultrasound screening (Liao et al., 2013). Using these
78 analyses, we identified a small duplication comprising the MECP2 and
79 L1CAM genes in the Xq28 region in a patient from a family with severe
80 X-linked mental retardation and in a prenatal foetus with brain struc-
81 tural abnormalities. Furthermore, we used high-resolution CMA to
82 screen other 108 foetuses with congenital structural abnormalities
83 and identified additional three foetuses with theMECP2 duplication.

84 2. Materials, methods and results

85 2.1. The first family (A11454)

86 The study protocol was approved by the institutional review board
87 of the hospital, and informed consent was obtained from all the couples.
88 Apregnantwoman sought prenatal diagnosis based on her family histo-
89 ry and abnormal sonographic findings. Ultrasound scanning after
90 25 weeks of pregnancy revealed foetal growth restriction (FGR) and
91 agenesis of the corpus callosum in the foetus. The patient had been
92 pregnant five years prior to this pregnancy, and ultrasound scanning
93 during that pregnancy had revealed that the foetus had bilateral cere-
94 bral ventriculomegaly (12 mm) after 24 weeks of gestation. During
95 the previous pregnancy, serological screening for Down syndrome was
96 negative, and the patient did not consent to invasive prenatal diagnosis.
97 The patient gave birth to a 3015 g male by vaginal delivery after full-
98 term pregnancy, and therewere no complications during labour. No ab-
99 normalities were detected upon physical examination of the newborn.
100 However, themale patient suffered from frequent respiratory infections
101 in the neonatal and infant periods. Furthermore, he had global develop-
102 mental delay and developed severe primary mental retardation. During
103 the physical examination at six years of age, the prominent clinical fea-
104 tures of the patient included hypotonia, severe mental retardation with
105 complete lack of understanding, absent speech and unsteady gait.
106 Therefore, cordocentesis was offered to the pregnant woman after
107 26 weeks of the latter pregnancy. Conventional cytogenetic analysis re-
108 vealed that the foetus and the elder son in the A11454 family had the
109 normal male karyotype (46, XY). High resolution and whole genome
110 chromosome microarray analysis (CMA) technology was further per-
111 formed to investigate copy number variations (CNVs) in the family
112 using Affymetrix CytoScan 750 K Arrays. The CytoScan 750 K Array we
113 used includes 550,000 CNV probes and 200,691 single nucleotide poly-
114 morphism (SNP) probes, respectively, which can reliably detect CNVs
115 throughout the whole genome with an average resolution of 100 kb.
116 The gene-centric SNPs enable confident breakpoint estimation, 5 Mb
117 loss of heterozygosity (LOH) determination and detection of uniparen-
118 tal iso-disomy (UPD) and regions identical-by-descent. As a result,
119 CMA revealed nearly identical duplications mapping to the Xq28 chro-
120 mosomal region in the foetus and the 6-year-old patient. The duplicated
121 region included the X-linked mental retardation genes MECP2 and
122 L1CAM. Parental detection indicated that the duplication was inherited
123 from the asymptomatic mother (Fig. 1). The CMA results obtained
124 from the A11454 family are summarised in Table 1.

125 2.2. Screening for the MECP2 duplication in other foetuses with congenital
126 malformations

127 Other 108 foetuses were referred to our centre because ultrasound
128 scanning had detected that these foetuses had congenital structural
129 malformations, but they had normal karyotypes. Using chromosome
130 microarray analysis, we screened these foetuses for the presence of
131 the MECP2 duplication. The maternal age of the foetuses ranged from
132 22 years to over 39 years, and the gestational stages of the pregnancies
133 ranged from 11 weeks to over 36 weeks. Foetal samples were collected
134 using chorionic villus sampling (CVS), amniocentesis (AF) or cord blood
135 sampling (cord blood), depending on the gestational stage of the foetus.

136The parental couples were provided pretesting genetic counselling on
137the benefits and limitations of CMA. Parental blood samples were re-
138quired for every foetal sample for two reasons: to excludematernal con-
139tamination and to assist in the interpretation of potential CNVs (Fig. 2) Q3.
140The CMA screening identified three additional foetuses with similar
141MECP2-region duplications; however, the duplications in all three foe-
142tuses were de novo mutations. The approximate incidence of Xq28 du-
143plication in our cohort is 2.7% (3/108). The detailed prenatal ultrasound
144findings and CMA results are summarised in Table 1. All copy number
145variations (CNVs) identified by CMA were confirmed using real-time
146polymerase chain reactions (RT-PCR).

1473. Discussion

148MECP2 duplication is 100% penetrant in affected males and causes
149a well-recognised syndrome, which is characterised by variable
150neurodevelopmental disabilities and recurrent infections because of
151up-regulated or down-regulated gene transcription (Mayo et al.,
1522011). Molecular diagnosis are possible both pre- and post-natally.
153Postnatal clinical diagnosis can be made based on the presence of core
154clinical presentations. Prenatal clinical diagnosis was not possible due
155to lack of prenatal presentation reported so far. This paper provided
156the first set of prenatal cases with Mecp2 duplication, the ultrasono-
157graphic phenotype described in these patients will help to recognise
158the foetuses with possibleMecp2 duplication and prompt the appropri-
159ate molecular testing.
160In this study, we present the first description of four foetuses carry-
161ing the sub-microscopic Xq28 duplication, which includes MECP2. This
162isolated duplication was detected prenatally using high-resolution
163chromosome microarray analysis, and it spanned a region of 0.8 Mb to
1641 Mb. The duplication contained three genes commonly associated
165with neurodevelopmental disabilities,MECP2, IRAK1 and L1CAM. Previ-
166ous genotype–phenotype correlation studies in patients showed that
167the minimal duplicated region sufficient to cause the core phenotypes
168included the MECP2 and Interleukin-1 receptor-associated kinase 1
169(IRAK1; MIM: 300283) genes. The MECP2 gene is the primary dosage-
170sensitive gene responsible for the neurological phenotypes of the
171Xq28 duplications described and therefore, theMECP2 duplication syn-
172drome is appropriately named (Carvalho et al., 2009; del Gaudio et al.,
1732006; Lugtenberg et al., 2009). In this study, the approximate incidence
174of Xq28 duplication in our cohort is 2.7% (3/108), based on the prenatal
175cases with ultrasound abnormalities and normal karyotypes. And the
176severity of the sonographic findings varied among the foetuses, which
177is consistent with the hypothesis that genetic modifiers contribute to
178or modify clinical phenotypes by disrupting the regulatory regions of
179neighbouring genes. In the A11454 family, the Xq28 duplication was
180steadily transmitted through three generations in which all male pa-
181tients were 100% affected, but the female patient BY146M and her
182mother were phenotypically normal female carriers. This is consistent

Fig. 1. The pedigree chart of the A11454 family.

2 F. Fu et al. / Gene xxx (2014) xxx–xxx

Please cite this article as: Fu, F., et al., Prenatal diagnosis of foetuses with congenital abnormalities and duplication of the MECP2 region, Gene
(2014), http://dx.doi.org/10.1016/j.gene.2014.06.012

http://dx.doi.org/10.1016/j.gene.2014.06.012


Download English Version:

https://daneshyari.com/en/article/5905692

Download Persian Version:

https://daneshyari.com/article/5905692

Daneshyari.com

https://daneshyari.com/en/article/5905692
https://daneshyari.com/article/5905692
https://daneshyari.com

