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and his mother showed mild symptoms (microcephaly, thin 

lips, carp-shaped mouth) typical for patients with the de-

scribed terminal 14q deletion syndrome. 
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 The 22q11 deletion syndrome (also known as Di-
George/Velocardiofacial syndrome OMIM 188400/
OMIM 192430) is a well-known, relatively common dis-
order, with a highly variable phenotype ranging from 
neonatal death to a normal phenotype with normal intel-
lectual development [Ryan et al., 1997; Bartsch et al., 
2003]. Common characteristics include cardiac defects, 
non-visible/hypoplastic thymus or infection problems, 
hypocalcemia, developmental delay, typical facial anom-
alies, and other malformations and deformities [Swillen 
et al., 2000; Óskardóttir et al., 2005]. Interstitial deletions 
at 22q11.2 have been recognized as the most common ge-
netic aberration associated with this syndrome [Driscoll 
et al., 1992; Hall, 1993; Lindsay et al., 1995], with a total 
of 5 different 22q11.2 critical regions [Amati et al., 1999] 
and strong evidence for a major role of the  TBX1  (Tbox 
1) gene [Merscher et al., 2001]. Besides 22q11.2, a second 
region associated with DiGeorge syndrome was assigned 
to chromosome 10p, but the phenotype is more severe as 
developmental delay, deafness and renal malformations 
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 Abstract 
 We report an infant with a unique combination of 22q11 

 deletion syndrome and 14q terminal deletion syndrome. 

The proband had clinical symptoms compatible with diag-

nosis of 22q11 deletion syndrome: microcephaly, microgna-

thia, high-arched palate, hypertelorism, short palpebral fis-

sures, square nasal root, prominent tubular nose, hypoplas-

tic nasal alae, bulbous nasal tip, dysplastic low-set ears,

short philtrum, and heart defect, but no cell-mediated im-

munodeficiency typical for the syndrome. G-banding and 

fluo rescence in situ hybridization analyses revealed a karyo-

type 45,XY,der(14)t(14;   22)(q32.3;q11.2),-22.ish del(14)(q32.33)

(D14S1420-),del(22)(q11.2q11.2)(N25-). Subsequent analyses 

disclosed a translocation between chromosomes 14 and 22 

in the proband’s mother with a deleted 14q telomere. Using 

comparative genome hybridization on oligonucleotide-

based microarray (array-CGH), the deletion at 22q11.21 in the 

size of  � 4.25 Mb was revealed in the proband as well as the 

deletion of the telomeric area at 14q32.33qter ( � 3.24 Mb) in 

the proband and his mother. However, both the proband 
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are typical [Schuffenhauer et al., 1995]. Although most 
22q11.2 deletions occur sporadically, it is estimated that 
8–28 % of deletions are inherited from a parental carrier 
[Driscoll et al., 1993; Hall, 1993; Ryan et al., 1997].

  Terminal deletion of 14q32.3 is a rare entity with few 
published cases that have been defined as a specific phe-
notype [Ortigas et al., 1997]. Van Karnebeek et al. [2002] 
proposed a clinically recognizable terminal 14q micro-
deletion syndrome with the following characteristics:
hypotonia, microcephaly, high and prominent forehead, 
blepharophimosis, epicanthus, short and bulbous nose, 
broad philtrum, thin upper lip and carp-shaped mouth, 
and developmental delay.

  We report a male patient with an association of 22q11.2 
and 14q32.33 deletions due to malsegregation of a 14;   22 
translocation in his mother. We also report on the mother 
with a terminal deletion of 14q and only mild symptoms 
typical for patients with this microdeletion syndrome.

  Case Report 

 The male patient was born at 41 weeks gestation (weight = 
3,750 g (75th percentile), length = 49 cm ( ! 50th percentile), head 
circumference = 34 cm (10th percentile)) as the first child to a 
20-year-old mother and a 22-year-old father, both healthy and 
non-consanguineous. During the pregnancy, one short hospital-
ization was required because of the risk of premature birth. A
cesarean section was indicated due to amniotic fluid turbidity 
and fetal heart rate alterations. The Apgar score was 7-8-9 at 1-5-
10 minutes, respectively. The infant was resuscitated due to mild 
respiratory distress with heart massage. Neonatal hypoglycemia 
and hypocalcemia were detected with a serum calcium concen-
tration of 1.90–2.58 mmol/l (normal range 2.2–2.76 mmol/l). It 
resolved after initial calcium supplementation.

  The infant was born with micrognathia, high-arched palate, 
hypertelorism, short palpebral fissures, square nasal root, promi-
nent tubular nose, hypoplastic nasal alae, bulbous nasal tip, dys-
plastic low-set ears, thin lips, carp-shaped mouth, short philtrum, 
and short neck ( fig. 1 ). Immunological studies showed hypogam-
maglobulinemia with no other significant abnormalities as well as 
no T cell deficit, but he demonstrated a higher incidence of respi-
ratory infections. Subsequent cardiovascular examination showed 
only a right aortic arch with no other heart defect. Due to swallow-
ing problems and congenital inspiratory stridor, laryngeal and 
esophageal endoscopy was performed. Cone epiglottis and elastic 
esophageal stenosis were detected. Examination in the cardiovas-
cular center detected left-sided ligamentum arteriosum with a 
right aortic arch as the problem. The cardiosurgery resection of 
the ligamentum arteriosum was performed at the age of 2 years.

  At 27 months of age (weight = 10 kg ( ! 2nd percentile), 
height = 80 cm ( ! 2nd percentile), head circumference = 46 cm 
( ! 2nd percentile)), his mental-motor development was retarded 
by 1 year with practically no speech. X-ray examination showed 
mediastinal upside distension, most likely indicative of thymus 
hyperplasia. No hypoglycemia and hypocalcemia were detected.

  At 38 months of age, the boy was hospitalized because of viral 
necrotizing laryngitis and died due to hypoxic encephalopathy by 
bronchopneumonia. The postmortem examination showed mul-
tiple pulmonary and gastric hemorrhages, and no thymus aplasia.

  The mother was born as the first child from the first gravidity 
at term after an uncomplicated pregnancy. The family was unable 
to provide details on her weight, length, and head circumference 
at birth. There are no distinct dysmorphic features in a photogra-
phy at about 4 months of age. At 10 years, she was monitored in 
neurology due to neuralgic pains. The brain examination showed 
no abnormalities. The proband’s mother was firstly examined by 
a geneticist at 23 years of age (weight = 70 kg (75th–90th percen-
tile), height = 158 cm (10th percentile), head circumference = 53 
cm (2nd–10th percentile)). She was healthy and had a proportion-
al stature with only mild craniofacial dysmorphic features: trian-
gular face with high forehead and high hairline, short palpebral 
fissures, narrow nasal base, pointed nasal tip, short nose, short 
philtrum, thin upper lip, gothic palatum, and low-set ears with 
prominent lobes. Her mental-motor development was normal, 
and she achieved primary education. Except for the mother’s un-
cle, who died from tetralogy of Fallot at 16 years of age (no evi-
dence available), there was no family history of such or other 
pathologic phenotypes. The mother’s parents and her younger sis-
ter are phenotypically normal with normal karyotypes.

  Molecular Analysis a nd Results 

 First, FISH was performed in the proband, applying 
the LSI N25 SR/ARSA SG probe (Abbott Vysis, Inc., 
Downers Grove, Ill., USA) for the 22q11 region. A dele-
tion of this region was found, but the control probe at 
22q13 was translocated to an unknown acrocentric chro-
mosome ( fig.  2 ). G-banding analysis on chromosome 
metaphase spreads cultivated from peripheral blood lym-

  Fig. 1.  Photo of the proband at 2 months of age showing micro-
gnathia, hypertelorism, prominent tubular nose, dysplastic low-
set ears, thin lips, carp-shaped mouth, and a short neck. 
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phocytes showed an unbalanced rearrangement between 
chromosomes 14 and 22. Additional FISH analysis in the 
proband, applying the subtelomeric probe of chromo-
somes 14q (ToTel Vysion TM  Probe Panel, Abbott Vysis), 
identified a deletion on chromosome 14q. The proband’s 
karyotype was specified as 45,XY,der(14)t(14;   22)(q32.3;
q11.2),-22.ish del(14)(q32.33)(D14S1420-),ish del(22)
(q11.2q11.2)(N25-).

  The father’s karyotype was normal, but chromosomal 
analysis of the mother’s lymphocytes showed a transloca-
tion between chromosomes 14 and 22. FISH with the 
probe for DiGeorge syndrome (Abbott Vysis) showed 2 

signals for the 22q11 region with 1 control probe translo-
cated to chromosome 14. However, FISH for the subtelo-
meric regions of chromosomes 14 and 22 (Abbott Vysis) 
revealed a telomere 14q deletion in the proband’s mother 
( fig. 3 ). According to these findings, the mother’s karyo-
type was specified as 46,XX,t(14;   22)(q32.3;q11.2).ish 
del(14)(q32.33)(D14S1420-),22q11.2(N25 ! 2). To elimi-
nate the possibility of a 3-chromosome-translocation, 
whole chromosome painting probes for chromosome 14 
and 22 were used in the proband’s mother (StarFISH 
Cambio, Cambridge, UK) with a negative result ( fig. 4 ). 
MLPA testing of all telomeres was done in the proband 

  Fig. 2.  FISH analysis using LSI N25 SR/ARSA SG probe proving 
the deletion of the 22q11 region (missing red signal at 22q11) with 
translocation of the remaining chromosome 22 to an unknown 
acrocentric chromosome (green signal for the gene  ARSA  at 
22q13) in the proband. 
  Fig. 3.  FISH analysis using a subtelomeric probe of chromosome 
14q. The missing yellow signal at one chromosome 14 indicates a 
deletion of telomeric region 14q. 
  Fig. 4.  FISH whole chromosome painting (WCP) probes (red for 
chromosome 22 and green for chromosome 14) show t(14;   22) and 
eliminate the possibility of a 3-chromosome translocation.     
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and his mother to test if chromosome 14 has not received 
the telomeric end of another chromosome. MLPA using 
P036 and P070 kits (MRC Holland, Amsterdam, The 
Netherlands) showed a deletion of the telomeric part of 
chromosome 14q in both the proband and his mother 
and no change of the telomeric region of other chromo-
somes.

  To determine the size of the deleted regions, oligonu-
cleotide array-CGH using the Agilent Human Genome 
CGH 44K Oligo Microarray Kit containing over 43,000 
probes (Agilent Technologies, Santa Clara, Calif., USA) 
was performed. In both the mother and the proband 
 � 3.24 Mb from 14q32.33 to the telomere of chromosome 
14 were deleted. It comprised the region between 
103,093,400–106,330,010 bp and included 59 oligonucle-
otide probes ( fig. 5 ). The 4.25 Mb deletion of 22q11.21 was 
confirmed in the proband. It comprised the region be-

tween 14,433,273–18,691,904 bp and included 80 oligonu-
cleotide probes ( fig. 6 ). After combining the results of the 
G-banding, FISH and array-CGH experiments, we con-
cluded that the proband had the karyotype 45,XY,der(14)
t(14;   22)(q32.3;q11.2),-22.ish del(22)(q11.2q11.2)(N25-),ish 
del(14)(q32.33)(D14S1420-). arr 14q32.33(103,093,400–
106,330,010) ! 1, 22q11.1q11.21(14,433,273–18,691,904) ! 1 
and his mother had 46,XX,der(14)t(14;   22)(q32.3;q11.2).ish 
del(14)(q32.33)(D14S1420-), 22q11.2(N25 ! 2). arr 14q32.33
(103,093,400–106,330,010) ! 1.

  Discussion 

 The patient described here is a unique case of 22q11 
deletion syndrome in combination with 14q terminal
deletion syndrome. This rare combination is the con-

  Fig. 5.  Array-CGH profile confirmed a 
3.24 Mb deletion of 14q32.33 in the pro-
band. The same deletion was also revealed 
in the mother.     

  Fig. 6.  Array-CGH profile confirmed a 
4.25 Mb deletion of 22q11.21 in the pro-
band.     
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sequence of a maternal translocation between chromo-
somes 14 and 22.

  The incidence of the 22q11.2 deletion is about 1/4,000 
to 1/5,000 individuals [Devriendt et al., 1998] which 
places this disorder among the most common genetic 
syndromes. Recently, a phenotype-genotype correlation 
in patients with a linear 14q deletion or a deletion due to 
a ring chromosome led the investigators to the delinea-
tion of a recognizable 14q terminal deletion syndrome 
with specific clinical characteristics [van Karnebeek et 
al., 2002]. Besides the 14q terminal deletion syndrome 
(14q32.3qter region), a chromosome 14 interstitial dele-
tion syndrome was also described [Gorski et al., 2005]; 
however, there are too few reported cases to assign spe-
cific features to specific chromosomal regions. The exact 
incidence of 14q terminal deletion syndrome was not es-
tablished. However, the number of reported patients sug-
gests that the frequency is very low. Considering this fact, 
the chance that the 22q11 deletion syndrome would oc-
cur concomitantly with 14q monosomy in a single indi-
vidual is small, and their co-occurrence is at least notice-
able.

  The loss of the 22q11.2 region in our proband is prob-
ably the consequence of a maternal 14;   22 translocation 
with loss of the very small derivative chromosome 22 
during maternal meiosis. The maternal translocation was 
caused by a simple transfer of genetic material from chro-
mosome 22 to chromosome 14. The proband’s mother 
was healthy, with only mild visible phenotypic modifica-
tions and the examinations revealed a deletion of the 14q 
telomeric region.

  The proband had many symptoms typical for the 
22q11 deletion syndrome: micrognathia, hypertelorism, 
short palpebral fissures, dysplastic low-set ears, high 
arched palate, short philtrum, neonatal hypocalcemia, 
and only a right aortic arch, a congenital cardiac defect 
typical for this syndrome. In contrast, he had no cell-
mediated immunodeficiency. Impaired T cell produc-
tion due to thymus aplasia or hypoplasia and impaired 
immunologic function are common in patients with 
22q11.2 deletions [Sullivan et al., 1998]. However, the 
clinical significance of these anomalies is uncertain; se-
vere immune dysfunction is relatively rare. Some of the 
clinical findings that can also be attributed to the 14q 
monosomy are microcephaly, high-arched palate, thin 
upper lip, carp-shaped mouth, and developmental delay. 
Anomaly of the aortic arch was also reported in one case 
of a fetus with a 6 Mb deletion of chromosome 14q [de 
Pater et al., 2005]. However, most of these symptoms may 
be seen in both 14q monosomy and 22q11 deletion syn-

drome, and besides, the patient lacks the most typical 
symptoms characteristic for 14q terminal deletion syn-
drome as appointed by Ortigas et al. [1997] and summa-
rized by van Karnebeek et al. [2002]; this would be, above 
all, hypotonia, high and prominent forehead, blepharo-
phimosis, and epicanthus. These findings suggest that 
deletion of 14q in our patient did not have a great influ-
ence on his phenotype. This inference is supported by 
the fact that the proband’s mother, who herself carried 
the deletion of the 14q region, is clinically normal, with 
only mild symptoms attributed to this deletion. As telo-
meres are extremely gene-rich [Saccone et al., 1992; Rieth-
man et al., 2001], deletion or duplication of even small 
parts of chromosomal material in these regions may have 
severe phenotypic consequences. As shown by array-
CGH, a relatively large area from 14q32.33 to 14qter of 
 � 3.24 Mb is deleted in the mother and the son. This re-
gion was shown to be deleted in many patients with 14q 
microdeletion syndrome with all the phenotypic conse-
quences of the deletion.

  The proband did not exhibit a cell-mediated immu-
nodeficiency, and postmortem examination showed a 
normal development of his thymus. However, aplasia of 
the thymus is not only one of the most typical symptoms 
of 22q11 deletion syndrome, but de Pater et al. [2005] as-
sumed that chromosome region 14q32qter also contains 
minimally 2 genes that are involved in thymus develop-
ment. The first gene,  SIVA1,  operates in a caspase-de-
pendent mitochondrial pathway of T cell apoptosis [Py 
et al., 2004], but no information regarding decreased ex-
pression of  SIVA1  is currently available. The second 
gene,  BCL11b , may be important in the development of 
thymocytes. It has been considered that in humans a 
hemizygous deletion of  BCL11b  may induce restrict-
ed development of the thymic cortical cellularity [Wa-
kabayashi et al., 2003]. Nukina et al. [1989] described a 
patient with a dysmorphic face, micrognathia, cleft pal-
ate, and heart anomalies similar to DiGeorge syndrome, 
but who lacked aplasia of the thymus or hypoparathy-
roidism. The karyotype 45,XY,-14,-22,+der(14)(14pter-
14q32.32::22q11.21-22qter) as the consequence of a ma-
ternal reciprocal translocation between chromosomes 
14 and 22 was identified using high-resolution banding 
analysis. In this very similar case, the authors localized 
the gene responsible for the present DiGeorge syndrome 
to sub-band 22q11.1.

  As clearly demonstrated in our case, a combination of 
different molecular cytogenetic methods allows a precise 
diagnosis of complex chromosomal rearrangements. 
Above all, array-based CGH opens new opportunities for 
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high-resolution whole genome screening. It detects very 
small gene dosage alternations, is very useful in size map-
ping of the aberrations, which facilitates phenotype-ge-
notype correlations, and saves multiple steps in the di-
agnostic process.
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