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nomic imbalances are harder to characterize using clas-
sical cytogenetics, therefore requiring molecular tech-
niques [Gu et al., 2008]. Fluorescence in situ hybridiza-
tion (FISH) detects specific structural chromosome 
abnormalities, but it is relatively labor-intensive and its 
resolution in diagnostics is limited by the size of the probe 
[Gijsbers and Ruivenkamp, 2011]. Another technique 
that can be used is multiplex ligation-dependent probe 
amplification (MLPA) that permits the screening of
different loci, such as subtelomeric sequences in one ex-
periment, but is not suitable for genome-wide screening 
[Gijsbers and Ruivenkamp, 2011]. Different array-based 
techniques have been used to analyze the whole genome 
and to detect clinically relevant genomic imbalances [Lu 
et al., 2007; Koolen et al., 2009]. These techniques have 
allowed discovering novel microdeletion and microdu-
plication syndromes, making a more precise determina-
tion of breakpoints, better establishment of genotype-
phenotype associations, identifying genes relevant to a 
given phenotype as well as elucidating the mechanisms 
involved in the chromosome aberrations [Mencarelli et 
al., 2008; Slavotinek, 2008; Miller et al., 2010]. Some chro-
mosome alterations, when investigated by refined tech-
niques such as arrays, have shown an unexpected rate of 
complexity, as seen in cases of marker chromosomes 
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 Abstract 

 We present a 2-year-old boy with a de novo 46,XY,idic(Y)
(q11.221),del(4)(q26q31.1) karyotype. G-banding, FISH, 
MLPA, and SNP-array techniques were used to characterize 
the 24-Mb deletion in 4q and the breakpoint in the isodi-
centric Y-chromosome region between 15,982,252 and 
15,989,842 bp. The patient presented with mild facial dys-
morphism, hemangioma, mild frontal cerebral atrophy, and 
Dandy-Walker variant. Essentially, this case reveals that pa-
tients can present more complex genomic imbalances than 
initially suspected.  Copyright © 2012 S. Karger AG, Basel 

 

Structural chromosome aberrations are known to 
cause developmental delay, dysmorphism and multiple 
congenital malformations. Some aberrations, including 
translocations, isochromosomes, and large deletions, can 
usually be identified by G-banding. However, some ge-
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[Baldwin et al., 2008], ring chromosomes [Vazna et al., 
2008], and apparently balanced translocations [Gu et al., 
2008]. Slavotinek [2008], for instance, states that array 
techniques have given rise to ‘reverse dysmorphology’, a 
new approach by which identification of a cytogenetic/
genomic alteration precedes the corresponding defini-
tion of the clinical phenotype. Thus, the use of array tech-
niques to detect chromosome abnormalities in patients 
with mental retardation and congenital abnormalities 
has increased diagnostic success with major implications 
for clinical practice.

  Patient and Methods 

 Patient 
 The index patient, a boy, the first child of young nonconsan-

guineous parents, was born at term after an uneventful preg-
nancy. Birth weight was 2,805 g (10–25th centile), length 48 cm 
(10–25th centile), OFC not recorded. Laryngomalacia was diag-
nosed at birth. At 5 months of age, he presented a cervical 
lymphangioma. His developmental progress was not delayed (he 
was able to sit unassisted at 6 months, walk at 15 months, and 
talk at 12 months of age). Renal ultrasound and echocardiogram 
were normal, and a brain tomography revealed mild frontal ce-
rebral atrophy and Dandy-Walker variant. At 14 months of age 
( fig. 1 A), the patient’s weight was 7 kg (3rd centile), height 69.5 
cm (2nd centile) and head circumference 44.5 cm (5th centile). 
He showed a glabellar hemangioma, sparse eyebrows, downslant-
ing palpebral fissures, epicanthic folds, long eyelashes, a nose 
with a depressed bridge and bulbous tip, low-set and rotated 
ears, long fingers, clinodactyly of the fifth fingers and persistent 
fetal fingertip pads. A clinical reevaluation at 27 months of age 
revealed that the glabellar hemangioma had disappeared and the 
patient’s facial features had become more pronounced. Written 
informed consent for the study was obtained from the patient’s 
legal guardians.

  Classical and Molecular Cytogenetic Analyses 
 Chromosome analysis with G-banding was performed on 

72-h lymphocyte cultures according to standard procedures. 
FISH was performed using commercial Y-centromeric and  SRY  
probes (Cytocell, Cambridge, UK) as well as the RP11-669F13 
(4q28.1) BAC probe, as previously reported [Kulikowski et al., 
2006].

  Molecular Studies 
 DNA was isolated from peripheral blood using the Gentra 

Puregene kit (Qiagen Sciences, Germantown, Md., USA). A MLPA 
assay was performed using the P070 human telomere 5 probemix 
kit (MRC-Holland, Amsterdam, The Netherlands) and analyzed 
using the GeneMarker �  software (SoftGenetics, LLC, State Col-
lege, Pa., USA). Samples were genotyped using the Genome-Wide 
Human SNP Array 6.0 and data were analyzed with the Chromo-
some Analysis Suite (ChAS) Software (Affymetrix Inc., Santa 
Clara, Calif., USA), using annotation GRCh37/hg19.

  Results 

 The cytogenetic analysis of the patient revealed a com-
plex karyotype with an interstitial deletion of the long 
arm of chromosome 4 along with a small Y-chromosome, 
different from his father’s ( fig.  1 B, C). MLPA analysis 
showed 3 copies of the pseudoautosomal region 1 (PAR1) 
and 1 copy of the pseudoautosomal region 2 (PAR2) of 
the X/Y-chromosomes (data not shown). SNP-array anal-
ysis revealed a  � 24-Mb interstitial deletion at 4q26 to 
4q31.1, ranging from 116,804,645 to 141,102,956 bp 
( fig. 1 E), and a duplication of the short arm and of a seg-
ment of the long arm of the Y-chromosome sized up to 
15,982,252 bp (Yq11.221), along with a 15,989,842-bp de-
letion of the long arm of the Y-chromosome (Yq11.221) 
( fig. 1 D). FISH performed on interphase nuclei using a Y-
centromeric probe showed 2 signals ( fig. 1 F), while the 
 SRY  probe used on metaphase chromosomes showed 2 
signals on the Y-chromosome, one on each arm ( fig. 1 G). 
FISH using the RP11-669F13 probe confirmed the 4q de-
letion ( fig. 1 H). The parents’ karyotypes were normal.

  Thus, the patient’s karyotype, as revealed by cytoge-
netic and molecular methods, is 46,XY,idic(Y)(q11.221),
del(4)(q26q31.1)dn.mlpa X/Yp (PAR1)subtel(P070) !  3,X/
Yq(PAR2)subtel(P070) ! 1.arr XYPAR1(168,464–2,693,624)
 ! 3,Yp11.31q11.221(2,650,426–15,982,252) ! 2,Yq11.221q12
(15,989,842–28,799,924) ! 0,4q26q31.1(116,804,645–
141,102,956) ! 1.

  Discussion 

 We report here a complex de novo chromosome rear-
rangement consisting of an interstitial 24 Mb 4q deletion 
and an isodicentric Y. Isodicentric Y-chromosomes rep-
resent the most common structural abnormality of the 
Y-chromosome [Hsu, 1994]. The phenotypes of individu-
als carrying them vary from typical Turner syndrome to 
phenotypic males and to ambiguous genitalia, depending 
on the location of the breakpoints and on the proportion 
of each cell line [DesGroseilliers et al., 2006]. Our patient, 
at clinical reevaluation, has normal male genitalia. Lit-
erature reports show that individuals with 2 copies of the 
 SRY  gene   usually develop as males, although infertile, 
due to the absence of one of the azoospermia factor (AZF) 
regions [Chandley et al., 1986]. The AZF, located in the 
long arm of the Y-chromosome, is associated with sper-
matogenesis and comprises 3 different regions (AZFa, 
AZFb and AZFc) [Vogt et al., 1996; Shi et al., 2010]. Dele-
tions of any individual or multiple AZF region(s) can 
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cause infertility associated with azoospermia to oligo-
zoospermia [Shi et al., 2010]. The main candidate for 
causing infertility in AZFb is the  RBMY  gene (OMIM 
400006), while in the AZFc region, the AZF region most 
frequently deleted in infertile males, it is the  DAZ  (de-
leted in azoospermia) gene (OMIM 400003) [Ma-
hadevaiah et al., 1998]. Our patient presents an idic(Yp) 
with 2 copies of  SRY ,   but no copy of Yq11.221 to Yq12, that 
includes the AZFb and AZFc regions. Fertility could not 
be evaluated because of the patient’s age, but, considering 
the segment deleted in the Y-chromosome, it is very like-
ly that he will be infertile.

  The Y-chromosome includes the male-specific Y re-
gion (95% of the euchromatic region of the Y-chromo-

some) flanked by 2 pseudoautosomal regions (5%). In our 
patient, the idic(Yp) presents a duplication of PAR1 and a 
deletion of PAR2. The function of most PAR genes is un-
known, making it difficult to affirm whether a patient’s 
phenotype is correlated with changes in these regions. The 
 SHOX  gene is the best-established disease locus in PAR1 
and heterozygous deletions of 2 distinct regions of the 
PAR1; small insertions or deletions mutations in  SHOX  
gene and alterations in its downstream enhancer region 
have been found in more than 60% of patients with Léri-
Weill dyschondrosteosis, in 2–15% of idiopathic short stat-
ure cases, and in 100% of patients with Langer mesomelic 
dysplasia [Benito-Sanz et al., 2006; Huber et al, 2006; Jorge 
et al., 2007; Chen et al., 2009; Hirschfeldova et al., 2012].

4 44 del(4)
idic(Y) Y
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  Fig. 1.   A  Patient at the age of 14 months.  B  Partial karyotype of the patient showing the del(4)(q26q31.1) and the 
idic(Y)(q11.221).  C  Partial karyotype of his father showing chromosome pair 4 and the Y-chromosome.  D  Array 
images of the patient’s Y-chromosome showing the duplicated region (blue) and the missing region (red).
 E  Chromosome 4 showing the deleted region (red).  F  FISH with a centromeric probe for the Y-chromosome 
showing 2 hybridization signals (arrow) on an interphase nucleus.  G  An  SRY  gene probe showing 2 signals on 
the idic(Y).  H  FISH with the RP11-669F13 probe, showing a signal only on the normal chromosome 4.   
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  There is a controversy about the influence of SHOX 
and its enhancer’s duplication in height abnormalities. 
Patients with duplications including the  SHOX  gene were 
reported to present height above, below or within the nor-
mal range [Thomas et al, 2009; Benito-Sanz et al., 2011; 
Jorgez et al., 2011]. Based on the largest number of  SHOX 
 duplications to date, Benito-Sanz et al. [2011] showed that 
partial  SHOX  duplications appear to be more deleterious 
than complete  SHOX  duplications.

  Our patient, who presents with short stature, has a   ho-
mogeneous idic(Y), compatible with a mechanism of for-
mation involving a break and reunion of the sister chro-
matids at the same locus [Xu and Siu, 2010]. This idic(Y) 
was present in all 40 metaphases analyzed, indicating sta-
bility of the abnormal chromosome. Bergeron et al. [2011] 
suggested that the intercentromeric distance has a nega-
tive influence on the stability of idic(Y), since a greater 
proportion of cells with breakage or loss of the idic(Y) 
were found in idic(Y) cases with a greater intercentro-
meric distance. In fact, our patient presents the smallest 
intercentromeric distance compared to the 10 idic(Y) pa-
tients reported by Bergeron et al. [2011]. Interstitial dele-
tions of the long arm of chromosome 4 are not often re-
ported in the literature. The deleted genomic interval 
4q24q31.3 in our patient encompasses 40 OMIM genes 
and 28 other genes. Three of them could be associated 
with the cervical lymphagioma found in the patient. The 
 FGF2  (Fibroblast Growth Factor 2 – OMIM 134920) gene 
is a wide-spectrum mitogenic, angiogenic, and neuro-
trophic factor [Bikfalvi et al., 1997]. Elevated levels of 
 FGF2  are associated with the proliferation of smooth 
muscle in atherosclerosis and with the proliferation of tu-
mors. Another gene that could be correlated with the pa-
tient’s phenotype is  NUDT6  (Nucleoside Diphosphate-
Linked Moiety X Motif 6 – OMIM 606261), an  FGF2  an-
tisense gene that may regulate its expression. The third 
gene involved with tumorigenesis is  SPRY1  (a homologue 
of the  Drosophila  Sprouty 1 – OMIM 602465), which pro-
duces a protein that acts as a negative feedback loop to 
modulate the RTK/Ras/MAPK pathway and can func-
tion as a tumor suppressor [Lo et al., 2006]. In addition, 
Sprouty genes are differentially expressed in hepatocel-
lular carcinoma [Sirivatanauksorn et al., 2011], indicating 
their role in carcinogenesis. The neurotrophic function 
of the  FGF2  gene may also have contributed to our pa-
tient’s mild frontal cerebral atrophy and Dandy-Walker 
variant, revealed by brain tomography.  Fgf2  knockout 
mice revealed abnormalities in the cytoarchitecture of 
the neocortex, most pronounced in the frontal motor-
sensory area, with a significant reduction in neuronal 

density, indicating that  FGF2  plays a specific role in corti-
cal neurogenesis [Ortega et al., 1998]. Moreover,  Fgf2- de-
ficient mice show neuronal defects in the cerebral cortex, 
hippocampal commissure and spinal cord [Dono et al., 
1998]. The  NAA15  gene (N-alpha-acetyltransferase 15 – 
OMIM 608000), which is deleted in our patient, could 
also explain his neuronal alterations. Studies in mice in-
dicate that this gene is highly expressed in areas of cell 
division and migration, and its expression appears to be 
downregulated as neurons differentiate, suggesting that 
it plays a role in the generation and differentiation of neu-
rons [Sugiura et al., 2001, 2003]. Other genes located in 
the deleted region of chromosome 4 have been associated 
with susceptibility to some diseases, such as diabetes, ce-
liac disease, autoimmune diseases, among others, which 
should be carefully investigated in this patient in order to 
prevent them or treat them early. Thus, the patient’s phe-
notype is due to both alterations found in the complex 
karyotype with an interstitial deletion in 4q and a hetero-
geneous idic(Y) with PAR1 duplication and PAR2 dele-
tion. This patient (No. 261263), registered in DECIPHER 
(Database of Chromosomal Imbalance and Phenotype in 
Humans using Ensembl Resources (https://decipher.
sanger.ac.uk)), to our best knowledge, is the only case in 
the literature with a deletion encompassing the region 
from 4q26 to 4q31.1.
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