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Prenatal diagnosis of ring chromosome 2 with lissencephaly and 2p25.3 and 2q37.3 microdeletions detected using array comparative genomic hybridization

Chih-Ping Chen a,b,c,d,e,f,g *, Chen-Ju Lin a, Tung-Yao Chang h, Schu-Rern Chern b, Peih-Shan Wu i, Yu-Ting Chen b, Jun-Wei Su a,j, Chen-Chi Lee a, Li-Feng Chen a and Wayseen Wang b,k
a Department of Obstetrics and Gynecology, Mackay Memorial Hospital, Taipei, Taiwan

b Department of Medical Research, Mackay Memorial Hospital, Taipei, Taiwan

c Department of Medicine, Mackay Medical College, New Taipei City, Taiwan
d Department of Biotechnology, Asia University, Taichung, Taiwan

e School of Chinese Medicine, College of Chinese Medicine, China Medical University, Taichung, Taiwan

f Institute of Clinical and Community Health Nursing, National Yang-Ming University, Taipei, Taiwan

g Department of Obstetrics and Gynecology, School of Medicine, National Yang-Ming University, Taipei, Taiwan
h Taiji Fetal Medicine Center, Taipei, Taiwan
i Gene Biodesign Co. Ltd, Taipei, Taiwan

j Department of Obstetrics and Gynecology, China Medical University Hospital, Taichung, Taiwan
k Department of Bioengineering, Tatung University, Taipei, Taiwan

* Correspondence to: Chih-Ping Chen, MD

Department of Obstetrics and Gynecology, Mackay Memorial Hospital

92, Section 2, Chung-Shan North Road, Taipei, Taiwan

Tel: +886-2-25433535; Fax: +886-2-25433642, +886-2-25232448

E-mail: cpc_mmh@yahoo.com
Abstract

We present rapid aneuploidy diagnosis of ring chromosome 2 with 2p25.3 and 2q37.3 microdeletions by aCGH using uncultured amniocytes in a fetus with IUGR, microcephaly, lissencephaly and ambiguous external genitalia.  Our case adds lissencephaly to the list of CNS abnormalities in ring chromosome 2 with 2p25.3 and 2q37.3 microdeletions.  We discuss the consequence of haploinsufficiency of HDAC4, KIF1A, PASK, HDLBP, FRAP2 and D2HGDH on 2q37.3, and haploinsufficiency of MYT1L, SNTG2 and TPO on 2p25.3 in this case.
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1. Introduction

A ring chromosome is a ring-shaped chromosome that exhibits breakage and reunion at the breakpoints on the long arm and the short arm of a specific chromosome with possible deletions of the chromosomal segments distal to the breakpoints (Chen et al., 2010a, 2012; Tan et al., 2012).  Ring chromosome 2 is very rare and has been reported in only 12 cases (Sutherland and Carter, 1978; Maraschio et al., 1979; Vigfusson et al., 1980; Cote et al., 1981; Jansen et al., 1982; Wyandt et al., 1982; Lacassie et al., 1999; Alkuraya et al., 2005; Kosho et al., 2005) (Table 1).  Prenatal diagnosis of ring chromosome 2 is even rare and has not previously been described.  Here, we present our experience of prenatal diagnosis of ring chromosome 2 with 2p25.3 and 2q37.3 microdeletions detected using aCGH in a fetus with lissencephaly.

2. Methods and detection

2.1. Array-CGH
Whole-genome aCGH on uncultured amniocytes derived from 10 mL 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.  16 mL amniotic fluid was collected, and the sample was subjected to in situ amniocyte culture and flask amniocyte culture according to the standard cytogenetic protocol.  Umbilical cord blood, parental blood and placental tissues were collected, and the samples were subjected to culture according to the standard cytogenetic protocol.

2.3. FISH
FISH analysis was performed on placental cells using a 2p25.3-specific BAC probe RP11-379N10 (spectrum red) and a 2q37.3-specific BAC probe RP11-90E11 (spectrum green) according to the standard FISH protocol.

2.4. Clinical description
A 29-year-old, primigravid woman was referred to the hospital at 23 weeks of gestation because of abnormal findings on ultrasound and MRI.  At 23 weeks of gestation, prenatal ultrasound revealed IUGR, microcephaly, lissencephaly with no parietal-occipital fissure, no calcarine fissure, shallow sylvian fissure and ambiguous external genitalia in the fetus.  The fetal biparietal diameter was 4.84 cm (normal range: 5.21-6.11 cm at 23 weeks), and the head circumference was 17.75 cm (normal range: 19.18-22.32 cm at 23 weeks).  Fetal MRI confirmed the diagnosis of lissencephaly.  Amniocentesis was performed 23 weeks of gestation.  Whole-genome aCGH analysis on uncultured amniocytes detected a 3.3-Mb deletion at chromosome band 2p25.3 and a 4.4-Mb deletion at chromosome band 2q37.3.    The parents elected to terminate the pregnancy, and a 486-g malformed fetus was delivered with microcephaly, hypertelorism, epicanthic folds, flat nasal bridge, long philtrum, micrognathia, low-set ears, short neck, absence of scrotum and clinodactyly of the fifth fingers.  Cytogenetic analysis of the cultured amniocytes, cord blood lymphocytes and placental cells revealed ring chromosome 2.  The parental karyotypes were normal.  Metaphase FISH analysis of placental cells using 2p and 2q subtelomeric probes showed the result of 2p and 2q subtelomeric microdeletions.  Polymorphic DNA markers on terminal 2p and 2q were used to determined the parental origin of the r(2).  However, all the markers used were not informative in polymorphic DNA marker analysis.
3. Results

Whole-genome aCGH analysis on uncultured amniocytes detected a 3.3-Mb deletion at chromosome band 2p25.3, or arr cgh 2p25.3 (0-3,327,081)(1 and a 4.4-Mb deletion at chromosome band 2q37.3, or arr cgh 2q37.3 (238,633,185-243,055,144)(1 (NCBI build 37) (Fig. 1).  The deleted 2p25.3 region contains 13 genes including the OMIM genes of FAM110C, ACP1, TMEM18, SNTG2, TPO, PXDN, MYT1L and TSSC1.  The deleted 2q37.3 region contains 84 genes including FRAP2 and the OMIM genes of LRRFIP1, RAMP1, SCLY, HES6, PER2, TRAF3IP1, ASB1, TWIST2, HDAC4, NDUFA10, OTOS, GPC1, RNPEPL1, CAPN10, GPR35, AQP12A, KIF1A, AGXT, PASK, PPP1R7, ANO7, HDLBP, 2-Sep, STK25, BOK, THAP4, ATG48, DTYMK, ING5, D2HGDH, GAL3ST2, NEU4 and PDCD1.  The karyotype of cultured amniocytes was 46,XY,r(2)(p25.3q37.3)inv(9)(p12q13) [1 cell],  the karyotype of cord blood was 46,XY,r(2) (p25.3q37.3)inv(9)(p12q13) [20 cells], and the karyotype of placenta was 46,XY,r(2)(p25.3q37.3) inv(9)(p12q13) [40 cells]. (Fig. 2).  Metaphase FISH analysis on cultured placental cells showed absence of the 2p and 2q subtelomeric probe signals on the ring chromosome 2, indicating 2p25.3 and 2q37.3 microdeletions (Fig. 3).  The father had a karyotype of 46,XY.  The mother had a karyotype of 46,XX,inv(9)(p12q13).  

4. Discussion

To the best of our knowledge, this is the first report of ring chromosome 2 detected prenatally by aCGH.  The present case was associated with IUGR, microcephaly, lissencephaly with no parietal-occipital fissure, no calcarine fissure, shallow sylvian fissure and ambiguous external genitalia on fetal ultrasound and MRI.  The aCGH analysis showed a 3.3-Mb microdeletion in 2p25.3, and a 4.4-Mb microdeletion in 2q37.3.  The present case manifests many similarities with previously reported cases of ring chromosome 2 (Table 1).  Phenotypic features shared with some of the previous reports include IUGR, microcephaly, hypertelorism, epicanthic folds, flat nasal bridge, long philtrum, micrognathia, low-set ears, short neck, hypogenitalism and clinodactyly.  The present case had cryptorchidism.  Maraschio et al. (1979) reported ambiguous male genitalia with hypoplastic bifid scrotum, penis hypoplasia, hypospadias, cryptorchidism and hypogenitalism in patients with ring chromosome 2.

   The present case had a 4.4-Mb microdeletion in 2q37.3 encompassing the genes of HDAC4, KIF1A, PASK, HDLBP, FRAP2 and D2HGDH, and some of the features of 2q37 microdeletion syndrome.  The 2q37 microdeletion syndrome or brachydactyly-mental retardation syndrome (BDMR) (OMIM 600430), or Albright’s hereditary osteodystrophy-like (AHO-like) syndrome, is a contiguous gene syndrome associated with deletion or heterozygous mutation in the HDAC4 gene (OMIM 605314) on chromosome 2q37.3 (Williams et al., 2010; Morris et al., 2012).  HDAC4 belongs to class II histone deacetylase that functions as deacetylation of histones and resealing the chromosomal package, leading to a repression of transcription.  HDAC4 is critical for skeletogenesis, chondrogenesis and neuronal survival (Williams et al., 2010).  The present case had HDAC4 deletion but did not show brachydactyly.  This can be explained by variable expressivity or an incomplete penetrance of haploinsufficiency.  Chromosome 2q37 deletion is characterized by mild to moderate developmental delay and intellectual disability, brachymetaphalangy, short stature, obesity, hypotonia, facial dysmorphism, autistic spectrum disorders, joint hypermobility, scoliosis, seizures, and neuronal, ocular, cardiac, gastrointestinal and renal abnormalities (Falk and Casas, 2007; Chen et al., 2010b; Daherty and Lacbawan, 2012; Leroy et al., 2012; Sung et al., 2012).  The candidate genes for seizures have been suggested to be HDAC4 and D2HGDH (Williams et al., 2010; Leroy et al., 2012).  D2HGDH (OMIM 609186) is associated with D-2-hydroxyglutaric aciduria (OMIM 600721) which is characterized by epilepsy, developmental delay, hypotonia and dysmorphisms.  Proposed candidate genes responsible for autistic spectrum disorders in individuals with 2q37 microdeletion syndrome include HDAC4 (Williams et al., 2010), KIF1A (Smith et al., 2001; Devillard et al., 2010), FRAP2, HDLBP and PASK (Felder et al., 2009).  KIF1A (OMIM 601255) encodes a motor neuron protein involved in the anterograde transport of synaptic-vesicle precursors along axons.  PASK (OMIM 607505) is involved in intracellular signaling pathways in response to both extrinsic and intrinsic stimuli.  HDLBP (OMIM 142695) is a multi-KH-domain containing protein involved in cholesterol metabolism. FRAP2 is a guanine nucleotide exchange factor that belongs to Rho GTPase which is involved in neuronal development such as neurite growth, axonal guidance and dendrite arborization.  The peculiar aspect of the present case is the association with lissencephaly which has not been described before.  The reported CNS abnormalities associated with 2q37 microdeletion syndrome include holoprosencephaly, agenesis of corpus callosum and hydrocephalus (Daherty and Lacbawan, 2012; Sung et al., 2012).  Our case adds lissencephaly to the list of CNS abnormalities in 2q37 microdeletion syndrome.

    The present case had a 3.3-Mb microdeletion in 2p25.3 encompassing the genes of MYT1L, SNTG2 and TPO.  Individuals with 2p25.3 deletions has been associated with intellectual disability, square-shaped truncal build, overweight/obesity and hyperactivity (Stevens et al., 2011).  Stevens et al. (2011) suggested that MYT1L is a candidate gene for intellectual disability in patients with p25.3 deletions.  MYT1L (OMIM 613084) is expressed in developing neurons in the mammalian CNS and is essential for inducing functional mature neurons.  Rio et al. (2012) suggested that SNTG2 may play a role in the phenotypic features of 2p25.3 microdeletion because SNTG2 (OMIM 608715) interacts with neuroligins, and mutations of neuroligins are implicated in autism and intellectual disability.  TPO (OMIM 606765) is thyroid peroxidase that catalyzes thyroid hormone synthesis.  TPO gene mutations and intragenic deletions are associated with congenital hypothyordism and intellectual disability (Iqbal et al., 2012).

    In summary, we present rapid aneuploidy diagnosis of de novo ring chromosome 2 with 2p25.3 and 2q37.3 microdeletions by aCGH using uncultured amniocytes in a fetus with IUGR, microcephaly, lissencephaly and ambiguous external genitalia.  We discuss the genotype-phenotype correlation in this case.
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Appendix A.  Supplementary data
Supplementary data to this article can be found online at GENE.
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Figure Captions

Fig. 1.
aCGH analysis on uncultured amniocytes shows a 3.3-Mb deletion at chromosome band 2p25.3 [arr cgh 2p25.3 (0-3,327,081)(1] and a 4.4-Mb deletion at chromosome band 2q37.3 [arr cgh 2q37.3 (238,633,185-243,055,144)(1] (NCBI build 37).  (A) Chromosomal view and (B) zoom in view.
Fig. 2.
The G-banded karyotype shows a ring chromosome 2(arrow).

Fig. 3.
Metaphase FISH analysis shows absence of the 2p subtelomeric probe signal (spectrum red) and 2q subtelomeric probe signal (spectrum green) on the ring chromosome 2 [r(2)].

Appendix A.  Supplementary data
Fig. S1.
Fetal MRI at 23 weeks of gestation shows (A) smooth brain cortex and flat insula (arrows) on axial view and (B) and flat appearance of the sylvian fissures on coronal view.

Table 1. Clinical features of patients with ring chromosome 2*

	
	Sutherland and Carter (1978)
	Maraschio et al. (1979)

Case 1     Case 2     Case 3
	Vigfusson et al. (1980)
	Cote et al. (1981)
	Jansen et al. (1982)
	Wyandt et al. (1982)
	Lacassie et al. (1999)
	Dee et al. (2001)
	Alkuraya et al. (2005)
	Kosho et al. (2005)
	Present case

	Estimated breakpoints
	p25q37
	p25q37
	p25q37
	p25q37
	p25q37
	p25q37
	p25q37
	p25.2q33.2
	p25q37.3
	p25q37
	p25q37
	p25.3q37.3
	p25.3q37.3

	Clinical features
	
	
	
	
	
	
	
	
	
	
	
	
	

	  IUGR
	+
	+
	+
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+

	  Postnatal growth retardation
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	NA

	  Microcephaly 
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	  Psychomotor retardation
	+
	+
	+
	+
	-
	+
	+
	+
	+
	+
	+
	-
	NA

	  Flat occiput
	+
	
	+
	+
	+
	
	
	
	
	
	-
	
	-

	  Hypertelorism 
	
	
	
	
	+
	
	+
	
	+
	+
	+
	+
	+

	  Epicanthic folds 
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	
	+
	+

	  Flat nasal bridge
	+
	+
	
	+
	
	
	+
	
	-
	+
	+
	+
	+

	  Long philtrum 
	
	-
	+
	+
	
	
	-
	
	-
	
	+
	
	+

	  Micrognathia 
	
	+
	+
	+
	
	
	+
	
	+
	
	
	-
	+

	  Low-set ears 
	
	+
	+
	+
	
	
	
	
	-
	
	-
	-
	+

	  Short neck 
	+
	+
	
	+
	
	
	
	
	-
	+
	+
	
	+

	  Clinodactyly 
	
	+
	
	
	+
	
	
	+
	
	
	
	+
	+

	  Widely spaced nipples 
	+
	+
	
	+
	
	
	
	
	-
	
	±
	
	-

	  Cardiac malformations 
	
	-
	
	+
	-
	
	
	+
	-
	+
	+
	+
	-

	  Hypogenitalism
	-
	+
	+
	+
	+
	
	+
	
	+
	
	-
	
	+

	  Foot deformities 
	
	+
	
	+
	
	
	
	
	-
	
	+
	
	-

	  Skeletal abnormalities 
	+
	+
	
	
	
	
	
	
	-
	+
	+
	
	-

	  Joint laxity
	+
	+
	
	
	
	
	
	
	-
	
	-
	
	-

	
	
	
	
	
	
	
	
	
	
	
	
	
	


* Adapted from Lacassie et al. (1999), Dee et al. (2001) and Alkuraya et al. (2005), + = present, - = absent, blank = not mentioned, NA = not available, 
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