Short Communication
Cri-du-chat (5p-) syndrome presenting with cerebellar hypoplasia and hypospadias: prenatal diagnosis and aCGH characterization using uncultured amniocytes
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Highlights

· We present de novo del(5)(p15.1(pter) in a fetus.

· The prenatal findings include cerebellar hypoplasia and hypospadias.

· We discuss the genotype-phenotype correlation.

Abstract

We present prenatal diagnosis of a de novo distal deletion involving 5p(5p15.1(pter) using uncultured amniocytes in a pregnancy with cerebellar hypoplasia, hypospadias and facial dysmorphisms in the fetus.  We discuss the genotype-phenotype correlation and the consequence of haploinsufficiency of CTNND2, SEMA5A, TERT, SRD5A1 and TPPP.  We speculate that haploinsufficiency of SRD5A1 and TPPP may be responsible for hypospadias and cerebellar hypoplasia, respectively, in this case.
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1. Introduction

Recently, aCGH has been used prospectively on uncultured amniocytes to detect aneuploidy (Chen et al., 2011, 2012a-b, 2013a-b).  Pettenati et al. (1994) first applied FISH on uncultured interphase amniocytes to prenatally detect an unbalanced chromosome aberration resulting in cri-du-chat syndrome.  Rapid aneuploidy diagnosis of cri-du-chat syndrome by aCGH using uncultured amniocytes has not previously been described.  Here, we report prenatal diagnosis and molecular cytogenetic characterization of a de novo distal 5p deletion from maternal origin by aCGH and QF-PCR in a fetus with cerebellar hypoplasia and hypospadias.

2. Methods and detection

2.1. Array-CGH
Whole-genome aCGH on uncultured amniocytes derived from 10 mL of amniotic fluid was performed using NimbleGen ISCA Plus Cytogenetic Array (Roche NimbleGen, Madison, WI, USA).  The NimbleGen ISCA Plus Cytogenetic Array has 630,000 probes and a median resolution of 15-20 kb across the entire genome according to the manufacturer’s instruction.

2.2. Conventional cytogenetic analysis

Routine cytogenetic analysis by G-banding techniques at the 550 bands of resolution was performed.  About 16 mL of amniotic fluid was collected, and the sample was subjected to in situ amniocyte culture according to the standard cytogenetic protocol.  Parental bloods were collected, and the samples were subjected to lymphocyte culture according to the standard blood cytogenetic protocol.

2.3. QF-PCR
QF-PCR analysis was performed on uncultured fetal tissues and parental bloods.  Polymorphic DNA markers such as D5S1455 (5p15.32), D5S807 (5p15.31) and D5S2845 (5p14.3) were used to determine the parental origin of the deletion.

2.4. Clinical description

A 33-year-old, gravida 2, para 1, woman was referred for genetic counseling at 21 weeks of gestation because of fetal abnormalities on prenatal ultrasound.  Her husband was 34 years of age.  The couple had a 2-year-old healthy daughter, and there was no family history of congenital malformations.  During this pregnancy, prenatal ultrasound examination detected cerebellar hypoplasia and hypospadias (Fig. S1).  The fetal biometry was equivalent to 21 weeks.  There was neither intrauterine growth restriction nor microcephaly.  Amniocentesis was performed at 21 weeks of gestation.  Whole-genome aCGH analysis on uncultured amniocytes detected a 15.2-Mb deletion at 5p15.33-p15.1.  Conventional cytogenetic analysis of the cultured amniocytes revealed a distal deletion of 5p.  The parental karyotypes were normal.  The parents elected to terminate the pregnancy at 23 weeks of gestation, and a malformed fetus was delivered with a round face, hypertelorism, epicanthic folds, low-set ears, micrognathia and hypospadias (Fig. S2).  QF-PCR assays confirmed a deletion from maternal origin.
3. Results

Whole-genome aCGH analysis on uncultured amniocytes detected a 15.2-Mb deletion at 5p15.33-p15.1, or arr 5p15.33p15.1 (679,395-15,844,407)(1 (NCBI build 37) (Fig. 1).  The deleted region encompasses 98 genes including 35 OMIM genes of TPPP, TRIP13, NKD2, SLC12A7, SLC6A19, SLC6A18, TERT, CLPTM1L, SLC6A3, LPCAT1, MRPL36, NDUFS6, IRX4, IRX2, C5orf38, IRX1, ADAMTS16, MED10, NSUN2, SRD5A1, PAPD7, ADCY2, MTRR, SEMA5A, TAS2R1, CCT5, CMBL, MARCH6, ROPN1L, DAP, CTNND2, DNAH5, TRIO, ANKH and FBXL7.  The karyotype of cultured amniocytes was 46,XY,del(5)(p15.1)dn (Fig. 2).  QF-PCR assays showed only the paternal allele in fetus on the informative markers of D5S1455 (5p15.32) and D5S807 (5p15.31), indicating that the distal 5p deletion was from maternal origin (Fig. 3).

4. Discussion

The cri-du-chat (5p-) syndrome (OMIM 123450) results from a deletion of distal 5p, and is characterized by a high-pitched, monotonous cry, microcephaly, broad nasal bridge, epicanthic folds, micrognathia, abnormal dermatographics, growth delay, and psychomotor and mental retardation (Cerruti Mainardi, 2006; Chen et al., 2004).  Less frequent malformations associated with cri-du-chat syndrome include cardiac, neurological and renal abnormalities, preauricular tags, syndactyly, hypospadias and cryptorchidism (Cerruti Mainardi, 2006).  The cri-du-chat syndrome has an incidence of 1:20,000 ~ 1:50,000 live births, and about 80% of the cases arise from a de novo deletions while the rest are caused by familial rearrangements (12%), mosaicism (3%), ring chromosomes (2.4%), and de novo translocations (3%) (Niebuhr, 1978).  About 80% of the de novo deletions are of paternal origin (Overhauser et al., 1990).  The present case is a case of de novo deletion.

    The cri-du-chat syndrome may be prenatally detected by CVS or amniocentesis because of advanced maternal age, familial cri-du-chat syndrome, parental balanced translocation involving 5p, fetal structural abnormalities on prenatal ultrasound, and/or an abnormal maternal serum screening (Chen et al., 2004).  The present case was prenatally detected because of sonographic abnormalities of cerebellar hypoplasia and hypospadias in the second trimester.  The present case did not manifest microcephaly in the second trimester, although microcephaly has been found in 98% of the patients with cri-du-chat syndrome (Kousseff, 1990).  Van Buggenhout et al. (2000) suggested that the critical region for microcephaly in the cri-du-chat syndrome is located more proximately to 5p15.31.  In a study of genotype-phenotype correlation in 80 patients with 5p deletion, Cerruti Mainardi et al. (2001) found a progressive severity of clinical manifestations and psychomotor retardation in relation to the increasing size of deletion, and suggested a region for dysmorphism and psychomotor retardation in 5p15.2, a region for the cat cry in 5p15.3 (D5S13-D5S731), and a separate region in 5q15.3 for speech delay.  Reported CNS abnormalities associated with cri-du-chat syndrome include arachnoid cyst (Balci and Oguz, 2001), encephalocele (Bakkum et al., 2005), agenesis of the corpus callosum and Dandy-Walker syndrome (Vialard et al., 2005; Cordier et al., 2008), hydrocephalus (Balci and Oguz, 2001; Forabosco et al., 1988; Schinzel and Tonz, 1979; Stefanou et al., 2002), cerebellar hypoplasia (Aoki et al., 1999; Chen et al., 2004; Tamraz et al., 1993; Teoh et al., 2009) and vermian hypoplasia (De Michele et al., 1993).

    The present case had a 15.2-Mb deletion at 5p15.1-pter encompassing genes of CTNND2, SEMA5A, TERT, SRD5A1 and TPPP.  CTNND2 (OMIM 604275), mapped to 5p15.2, encodes human (-catenin which is an adherens junction protein involved in cell motility and expressed early in neuronal development (Medina et al., 2000).  Medina et al. (2000) concluded that there is a strong correlation between the hemizygous loss of (-catenin and severe mental retardation, and suggested that CTNND2 is responsible for mental retardation in cri-du-chat syndrome.  Israely et al. (2004) found that deletion of (-catenin leads to cognitive and synaptic dysfunction.  Jun et al. (2012) suggested that (-catenin is associated with cortical cataract and future Alzheimer-related structural and functional brain changes.  SEMA5A (OMIM 609297), mapped to 5p15.31, encodes human semaphorin F which is involved in axonal guidance during neural development (Adams et al., 1996).  Simmons et al. (1998) determined that SEMA5A covers at least 10% of the cri-du-chat critical region and may be responsible for some of the features of cri-du-chat syndrome.  TERT (OMIM 187270), mapped to 5p15.33, encodes telomerase reverse transcriptase which is the rate-limiting component for telomerase activity that is essential for telomere-length maintenance and sustained cell proliferation.  Zhang et al. (2003) suggested that haploinsufficiency of TERT may contribute the heterogenous phenotype of cri-du-chat syndrome.  The peculiar aspect of this case is the association with hypospadias and cerebellar hypoplasia.  SRD5A1 (OMIM 184753), mapped to 5p15.31, encodes steroid 5(-reductase 1 which catalyzes the conversion of testosterone into the more potent androgen, dihydrotestosterone (Ellis et al., 2005).  Androgens not only determine male secondary sexual characteristics but also influence a variety of metabolic pathways such as insulin and lipid metabolism.  Ellis et al. (2005) found a significant association between a single nucleotide polymorphism in SRD5A1 and the dihydrotestosterone/ testosterone ratio.  Mutations of SRD5A2 have been well known to be associated with hypospadias (Nordenskjöld et al., 1999; Silver and Russell, 1999; Thai et al., 2005; Wang et al., 2004), but mutations of SRD5A1 have not been observed in patients with hypospadias (Tria et al., 2004).  The present case, however, provides evidence that haploinsufficiency of SRD5A1 in cri-du-chat syndrome can be associated with hypospadias.  TPPP or p25 (OMIM 608773), mapped to 5p15.33, encodes tubulin polymerization-promoting protein (TPPP/p25), which is expressed mainly in myelinating oligodendrocytes of the CNS and is critical for oligodendrocyte differentiation (Lehotzky et al., 2010; Ovádi and Orosz, 2009; Skjoerringe et al., 2006).  Tőkési et al. (2010) found that TPPP/p25 binds to HDAC6 (histone deacetylase 6) which is an enzyme responsible for tubulin deacetylation, and the interaction between TPPP/p25 and HDAC6 results in the inhibition of the deacetylase activity HDAC6.  TPPP/p25 has been suggested as a multiple effector of the microtubule organization by inducing microtubule stabilization through its bundling activity, and by affecting cell motility during remyelination and oligodendrocyte progenitor cells migration to their target destination in vivo (Bauer et al., 2009; Tőkési et al., 2010).  We speculate that haploinsufficiency of TPPP may be responsible for cerebellar hypoplasia in this case.

    In summary, we present prenatal diagnosis and molecular cytogenetic characterization of a de novo distal deletion involving 5p(5p15.1(pter) in a fetus with cerebellar hypoplasia, hypospadias and facial dysmorphisms.  We discuss the genotype-phenotype correlation in this case and the consequence of haploinsufficiency of CTNND2, SEMA5A, TERT, SRD5A1 and TPPP.
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Appendix A.  Supplementary data
Supplementary data to this article can be found online at GENE.
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Figure Caption

Fig. 1.
aCGH on uncultured amniocytes shows a 15.2-Mb deletion at chromosome bands 5p15.33-p15.1, or arr 5p15.33q15.1 (679,395-15,844,407)(1] (NCBI build 37).  (A) Chromosomal view and (B) zoom in view.

Fig. 2.
A karyotype of 46,XY,del(5)(p15.1).

Fig. 3.
QF-PCR assays show only the paternal allele in fetus on the informative markers of D5S1455 (5p15.32) and D5S807 (5p15.31), indicating that distal 5p deletion is from maternal origin.
Appendix A.  Supplementary data
Fig. S1.
Prenatal ultrasound at 21 weeks of gestation shows (A) hypospadias (arrow) and (B) cerebellar hypoplasias with a small transcerebellar distance of 1.99 cm (< 5th centile).

Fig. S2.The fetus at birth.  (A) Craniofacial appearance and (B) hypoplasias.
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