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ABSTRACT. Partial duplication of the long arm of chromosome 11 
and the partial trisomy of 22q are uncommon karyotypic abnormalities. 
Here, we report the case of a 6-year-old girl who showed partial 
trisomy of 11q and 22q, as a result of a maternal balanced reciprocal 
translocation (11;22), and exhibited dysmorphic features, severe 
intellectual disability, brain malformations, and speech delay related 
to this unique chromosomal abnormality. Array comparative genomic 
hybridization (array CGH) revealed a gain in copy number on the long 
arm of chromosome 11, spanning at least 18.22 Mb. Additionally, 
there was a gain in copy number on the long arm of chromosome 22, 
spanning at least 3.46 Mb. FISH analysis using a chromosome 11 short 
arm telomere probe (11p14.2), a chromosome 11 long arm telomere 
probe (11q24.3), and a chromosome 22 long arm telomere probe 
(22q13.33) confirmed the origin of the marker chromosome. It has been 
confirmed by the State Key Laboratory of Medical Genetics of China 
that this is the first reported instance of the karyotype 47,XX, +der(22)
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t(11;22)(q23.3;q11.1)mat in the world. Our study reports an additional 
case that can be used to further characterize and delineate the clinical 
ramifications of partial trisomy of 11q and 22q.

Key words: Karyotype; DiGeorge syndrome; Velocariofacial syndrome; 
Array CGH; FISH; Balanced reciprocal translocation

INTRODUCTION

A balanced reciprocal translocation is an exchange in which chromosomal segments 
from two non-homologous chromosomes break off, translocate, and fuse at the breakpoint on 
the reciprocal chromosome. Carriers of balanced reciprocal translocations have an increased 
risk of generating chromosomally unbalanced offspring, due to partial microduplication 
or microdeletion of chromosomal segments. Partial microduplication of the long arm of 
chromosome 11 is relatively rare, and was first reported in a patient in 1977 (Francke et al., 
1977). Recently, partial microduplication of chromosome 11q has been recognized as a rare 
disorder. The majority of trisomy 11q events are a result of abnormal meiotic segregation of a 
parental reciprocal translocation involving chromosome 11 and another chromosome (Yelavarthi 
and Zunich, 2004). Additionally, the 22q11.2 microduplication syndrome has been recently 
identified. Patients who present this novel chromosomal disorder display symptoms that overlap 
substantially with those of DiGeorge/Velocardiofacial syndrome (Wentzel et al., 2008).

Here, we report the case of a 6-year-old girl with partial trisomy of 11q23.3®11q25 
and 22q11.1®22q11.21. The partial trisomy of 11q and 22q is the result of an unbalanced 
translocation between 11q23.3 and 22q11.1 from the parental chromosomes. The resultant 
phenotypic features overlap with features of 11q terminal duplication syndrome, including 
dysmorphic facial features, microcephaly, micrognathia, dysplastic ears, pre/postnatal growth 
retardation, speech delay, mental retardation, hypotonia, neural tube defects, as well as cardiac, 
vertebral, limb, urinary tract, and genital anomalies. Patients with 22q11.2 microduplication 
syndrome have variable clinical features including intellectual disability, telecanthus, down-
slanting palpebral fissures, long narrow face, nasal speech, speech impairment, delayed 
psychomotor development, growth retardation, hypotonia, and velopharyngeal insufficiency. 
The main factors contributing to these clinical features are the length of the trisomic region 
and the genomic content of the break point.

MATERIAL AND METHODS

Clinical report

Patients and/or guardians consented to their information being used in this study and 
for future research. Patient information was not anonymized. All authors have access to the 
relevant identifying information, and the verbal consent is documented in patient files. The 
mother of the patient consulted our aristogenesis center for karyotype analysis of the patient 
presenting severe clinical features including growth retardation, speech delay, and mental 
retardation. The non-consanguineous couple had been married for 3 years, and the patient 
was their first child. During the pregnancy, symptoms of spontaneous abortion were detected, 
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and progesterone was administered to prevent miscarriage. A fetal sonography and prenatal 
screening showed no obvious abnormality. In the 39th week of gestation, the patient was 
uneventfully born by eutocia and weighed 3400 g. At the age of 3 years, the patient could sit 
without support, but could not yet walk, and her speech was limited to one word. At the age 
of 6 years, the patient could stand, but displayed a festinating gait, and no progress in speech 
development. On physical examination, the patient showed developmental delay, speech 
impairment, mental retardation, hypotonia, microcephaly, micrognathia, a long narrow face, 
a high arched palate, a short nose, and nasal speech. Magnetic resonance imaging showed 
agenesis of the corpus callosum, cerebellar vermis hypoplasia, and simple cerebral gyration. 
The patient received encephalopathy rehabilitation treatment, but this was ineffective.

Cytogenetic analysis

Short-term phytohemagglutinin-stimulated peripheral blood lymphocyte cultures were 
obtained from the blood of the patient and her parents. Chromosomal analysis was carried out 
by applying G-banding at a 500-band level, according to ISCN 2013. At least 30 metaphase 
plates were analyzed for each individual. Karyotyping was performed using an image analyzer 
(Leica CW4000, Leica Microsystems Imaging Solutions Ltd., Cambridge, England).

Array comparative genomic hybridization (CGH) analysis

Genomic DNA was isolated from the patient’s peripheral blood. Array CGH was 
performed using oligonucleotide-based custom arrays (Agilent Technologies, Santa Clara, 
CA, USA) using a standard protocol. Briefly, equal amounts of test DNA and normal sex-
matched DNA were digested with AluI and RsaI, and differentially labeled with cyanine-5 
(cy5) and cyanine-3 (cy3) fluorescent dyes using a SureTag Complete DNA Labeling Kit 
(Agilent Technologies). Hybridizations were carried out at 65°C for 24 h. After washing, slides 
were scanned using an Agilent SureScan Microarray Scanner (Agilent Technologies) and the 
images were extracted and analyzed using Feature Extraction v11.5 (Agilent Technologies) 
and Cytogenomics v2.5 (Agilent Technologies) softwares, respectively. Web resources 
included the Database of Genomic Variants: (http://dgv.tcag.ca/dgv/app/home), OMIM: 
(http://omim.org/), DECIPHER: (http://decipher.sanger.ac.uk/), and: (http://www.ncbi.nlm.
nih.gov/pubmed).

Fluorescence in situ hybridization (FISH) analysis

Following the results of cytogenetic analyses and array CGH, FISH analysis was 
performed using the following probes: TelVysion 11 short arm telomere Spectrum Orange 
indicating RP11-16H3 (11p14.2, 170 kb), TelVysion 11 long arm telomere Spectrum Red 
indicating RP11-608N11 (11q24.3, 170 kb), and TelVysion 22 long arm telomere Spectrum 
Green indicating RP11-164E23 (22q13.33, 154 kb), according to the manufacturer instructions. 
FISH was performed on blood lymphocytes blocked at metaphase according to a standard 
protocol. The hybridized chromosomal spreads were analyzed using a fluorescent microscope 
equipped with appropriate filters and CytoVision. Slides were scored by the number of probe 
signals at each metaphase. For each target area, ten hybridized metaphase cells were analyzed.
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RESULTS

Conventional cytogenetic analysis showed the patient’s karyotype was 47,XX,+mar. 
Further, we analyzed the karyotypes of the patient’s parents and found that the mother’s 
karyotype was a balanced de novo translocation between the long arm of chromosome 11 and 
the long arm of chromosome 22; the maternal karyotype was 46,XX,t(11;22)(q23.3;q11.1) 
(Figure 1A and B). The father had a normal karyotype. As a result of the maternal origin of this 
defect, the patient’s karyotype was designated as 47,XX, +der(22)t(11;22)(q23.3;q11.1)mat 
(Figure 1B); the patient was trisomic for segment 11q23.3®11q25 and 22q11.1®22q11.21.

Figure 1. G-banding partial karyotype of the proband and ideogram corresponding to 450-550 band levels as 
described by ISCN. The arrows indicate the breakpoints; Partial karyotype of patient’s mother shows reciprocal 
translocation of t(11;22). A. Der(11)(11pter®11q23.3::22q11.1®22qter). B. Der(22)(22pter®22q11.1::11q23.3®1
1qter). The patient inherited the derivative chromosome der(22) from her mother.

Array CGH analysis of the patient’s DNA revealed a gain in copy number on the 
long arm of chromosome 11, spanning at least 18.22 Mb, and a gain in copy number on 
the long arm of chromosome 22, spanning at least 3.46 Mb. The chromosomal breakpoints 
were precisely localized by array CGH on 11q23.3q25 (116740001-134960000) x 3 and 22q1
1.1q11.21(16840001-20300000) x 3 (Table 1). The presence of the additional derivative 
chromosome 22 resulted in the trisomy of the 22q11.1-22q11.21 and 11q23.3-11q25 segments 
in this individual.

FISH performed on metaphasic lymphocytes of peripheral venous blood using probes 
of chromosomes 11p,11q, and 22q, revealed the maternal balanced translocation between 
chromosomes 11 and 22 (Figure 2A). The patient’s karyotype indicated that the marker 
chromosome is an additional derivative of chromosome 22 [der(22)], resulting from an 
unbalanced translocation between the long arms of chromosomes 11 and 22 (Figure 2B).
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DISCUSSION

Unbalanced chromosomal abnormalities are uncommon structural aberrations 
that occur frequently due to unbalanced meiotic segregation in the gametes of balanced 
translocation carriers (Pfeiffer and Schütz, 1993; Yelavarthi and Zunich, 2004; Tuğ et al., 
2014). Here, we described a maternal proband who carried a balanced reciprocal translocation 
between chromosomes 11 and 22, and who gave birth to an unbalanced progeny. Array CGH 
analysis revealed a microduplication at 11q23.3-11q25 and 22q11.1-22q11.21 genomic 
regions, covering 18.22 and 3.46 Mb, respectively. Therefore, the patient had both partial 
trisomy 11q syndrome and partial trisomy 22q syndrome.

Partial duplication of the long arm of chromosome 11 is relatively rare, and was 
first reported in 1977 (Francke et al., 1977). Later, trisomic segments of a partial trisomy 
11q syndrome were reported: 11q13-11qter, 11q14-11qter, 11q21-11qter, 11q22-11qter, and 
11q23-11qter (Greig et al., 1985). The most frequent breakpoint on chromosome 11 described 
by these studies was the same as in our case, at 11q23. However, it should be noted that 

Nucleotide positions based on hg19. Arr 11q23.3q25 (116740001-134960000) x 3. Arr 22q11.1q11.21 (14467972-
30719733) x 3.

Table 1. Array CGH analysis results.

Change Chromosome Interval Size (Mb) Number of genes affected 
GAIN 11q23.3q25 116740001-134960000 18.22 >20 
GAIN 22q11.1q11.21 16840001-20300000 3.46 >20 

 

Figure 2. FISH analysis of cells arrested at metaphase. A. The patient’s mother karyotype. B. The patient’s 
karyotype. Orange marks indicate RP11-16H3 (11p14.2, 170 kb); red marks indicate RP11-608N11 (11q24.3, 170 
kb); green marks indicate RP11-164E23 (22q13.33, 154 kb). FISH results using three chromosome painting probes 
specific for chromosomes 11 and 22 show the derivative chromosome, der(22).
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breakpoints might lead to interruptions of specific gene loci, and may vary between patients, 
resulting in different disease phenotypes (Zimberg-Bossira et al., 2011). We compared a series 
of partial duplications of 11q23 described in eight cases, as previously published (Table 2). 
This was done to identify common genetic features that can explain the occurrence of severe 
congenital malformations including intellectual disability, growth retardation, dysmorphic 
features, abnormal muscle tone, brain abnormalities, neural tube defects, and cardiac and 
urinary tract abnormalities in patients with the partial trisomy 11q23 syndrome (Forsythe et 
al., 1988; Pfeiffer and Schütz, 1993; Smeets et al., 1997; Delobel et al., 1998; Klaassens et 
al., 2006; Partida-Pérez et al., 2006; Burnside et al., 2009; Zimberg-Bossira et al., 2011). The 
highly variable clinical features of trisomy 11q23 syndrome can be attributed to the different 
sizes of the duplicated region (Yelavarthi and Zunich, 2004; Klaassens et al., 2006). The 
abnormal clinical features presented by our patient likely resulted from the large distal gain 
in 11q23.3-q25 of the supernumerary derivative of chromosome 22, which contains several 
genes. Intellectual disability, developmental delay, and speech delay have been described in 
nearly all patients with partial trisomy of 11q, and were also observed in our patient.

Table 2. Comparison of phenotypic features of patients with overlapping regions of partial duplication of 11q.
Clinical features Forsythe et al. (1988) Pfeiffer and 

Schütz (1993) 
Smeets et al. 

(1997) 
Delobel et al. 

(1998) 
Klaassens et al. 

(2006) 
Partida-Pérez et al. 

(2006) 
Burnside et al. 

(2009) 
Zimberg-Bossira et al. 

(2011) 
Present study 

Case reference and 
karyotypes 

46,XX,dup(11)(q23.3q
24.2) 

46,XY,dup(11) 
(q23qter) 

Patient 2 46,XY, 
der(13)t(11;13) 
(q23;p13)mat 

46,XX,dup(11) 
(q23.3) 

Patient 1 46,XY, 
der(12)t(11;12) 
(q23;q24)mat 

46,XY,dup(11)(q23q
23) 

Patient 1 46,XY, 
ins(11)(q13.1 

q23.3q24.2)pat 

46,XY,der(21)t(11;21)(
q23.1;q22.2)pat 

47,XX, 
+der(22)t(11;22)(q

23.3;q11.1)mat 
Duplicated segment 11q23.3-q24.2 11q23-qter 11q23qter 11q23.3q24 11q23.3q25 dup(11)(q23q23) 11q23.3q24.3 11q23.1-qter 11q23.3q25 
Familial/de novo Familial Familial Familial De novo Familial De novo Familial Familial Familial 
Intellectual disability + + + + + + + + + 
Hypotonia/hypertonicity -/- -/- +/+ +/+ +/- +/+ +/+ -/+ +/- 
Seizures - - - + - - - + - 
Brain abnormality - + - - N/A - + + + 
Microcephaly + + + + - N/A + + + 
Micrognathia + + + N/A + + + - + 
Triangular face - - - + - + + - - 
Ocular defects + + + - - - + - - 
Short nose - + + - + - + - + 
Broad nose + N/A - Breached nose - - - + - 
Long philtrum - - + - - - - + + 
High arched palate + + - - + - - - + 
Abnormal ears - + + + + + + - - 
Congenital heart defect - + + - + - + + - 
Inguinal hernia - - + N/A - + - + - 
Speech delay   + + N/A  + + + 
Developmental delay + + + + + + + + + 

 

Microcephaly and micrognathia were also common clinical features among several 
patients with partial trisomy 11q23 syndrome (5/9), but short nose, high arched palate, and long 
philtrum were unique to the case we report here. Although abnormal ears and congenital heart 
defects were reported as common features (in 6/9 and 5/9 cases with partial trisomy 11q23 
syndrome, respectively), these were not observed in our patient. In all cases, severity of the 
disability was highly variable, and the impact on patient development could not be evaluated in 
some patients due to early mortality (Maruyama et al., 2001; Klaassens et al., 2006).

In most cases, trisomy 11q is not restricted to 11q, and involves genetic material 
from other chromosomes, often including a partial monosomy or trisomy of another 
chromosome derived from a parental translocation in addition to the distal region. (Yelavarthi 
and Zunich, 2004). Our patient’s case involved the partial trisomy of chromosome 22q. 
Recently, a microduplication of 22q11.2 syndrome was identified and associated with 
DiGeorge/Velocardiofacial syndrome (DGS/VCFS). The 22q11.2 region is susceptible to 
chromosomal rearrangements (Brunet et al., 2006), and the clinical characteristics of partial 
microduplication of 22q syndrome have been described as extremely variable, ranging from 
mild learning disabilities to severe congenital malformations (Portnoï et al., 2005; Tarsitano 
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et al., 2014). Typically, the phenotype of microduplication of 22q11.2 syndrome includes 
intellectual disability, heart defects, urogenital abnormalities, velopharyngeal insufficiency, 
down-slanting palpebral fissures, telecanthus, long narrow face, and nasal speech. Our patient 
exhibited a 22q11.2 microduplication region that is 3.46 Mb in size, close to the classical 
reported region. Another case was reported in a 5-month-old infant with a maternally inherited 
microduplication of 22q11.2 spanning 2.5 Mb, but this individual had no particular phenotypic 
abnormalities, and psychomotor development was reported to be normal (Christopoulou et 
al., 2013). Thus, there seems to be no certain correlation between the size of duplication of 
22q11.2 and the phenotype, suggesting that genetic and epigenetic modifying factors may play 
an important role in determining the disease phenotype and severity (Fernández et al., 2009).

Array CGH analysis of our patient revealed that the breakpoints on chromosome 
11 were at q23.3-q25, and on chromosome 22 were at q11.1-q11.21. The gene content of 
the duplicated regions was further investigated using the following websites: http://omim.
org/, http://decipher.sanger.ac.uk/, and http://genome.ucsc.edu/cgi-bin/hgGatewaywebsites. 
There are 128 genes in the duplicated region on 11q23.3-q25; mutations found in 40 of 
these genes are considered to be the molecular basis of other diseases as summarized below: 
BACE1, located at 11q23.3, has been reportedly involved in cerebral deposition of amyloid 
beta peptide, which is an early indicator of Alzheimer disease (Vassar et al., 1999). Gene 
knockout and overexpression experiments showed that BACE1 was related with nervous 
system development (Long et al., 2014). BSX, located at 11q24.1, is a DNA-binding protein 
and a transcriptional activator found to be essential for fetal growth and development (Chu 
and Ohtoshi, 2007). Alterations in AOCH, located at chromosome 11 were reported in a family 
with acromegaloid features, submucosal cleft palate, and diaphragmatic hernia (Stratakis et 
al., 2001). ZNF202 was related to lipid metabolism and cardiac function (Razzaghi et al., 
2012). FEZ1 was related with axon growth (Bloom and Horvitz, 1997). The importance of 
these genes in other diseases suggests that abnormalities in these genes also contributes to 
the common features of the partial trisomy 11q syndrome, including intellectual disability, 
short stature, dysmorphic features, hypotonia, brain malformations, and congenital heart 
malformations (Ben-Abdallah-Bouhjar et al., 2013).

The 3.46 Mb duplicated region of 22q11.1-22q11.21 was found to be located within 
a 22q11.21 microduplication syndrome region that contains 38 genes (OMIM #608363). 
Increased copy numbers of this 22q11.2 segment may contribute to a specific set of phenotypes 
related to the development of learning and cognition. Diverse phenotypes associated with 
chromosome 22q11.2 microduplication syndrome have been described, and the most frequently 
reported features are mental retardation/learning difficulties, deficits in memory performance, 
perceptual organization, and verbal comprehension, attention deficit hyperactivity disorder, 
and speech impairment (97%; Wentzel et al., 2008). Other characteristics include delayed 
psychomotor development (67%), growth retardation (63%), and muscular hypotonia (43%; 
Wentzel et al., 2008). The most common dysmorphic features were hypertelorism (70%), 
broad flat nose (53%), micrognathia (52%), velopharyngeal insufficiency (48%), dysplastic 
ears (45%), epicanthal folds (42%), and down-slanting palpebral fissures (41%; Wentzel et 
al., 2008). The duplication of 22q11.1-22q11.21 involves the same region as that deleted in 
DGS (OMIM #188400) and VCFS (OMIM #192430). Duplication of chromosome 22q11.2 is 
associated with elevated rates of mental retardation, autism, and other behavioral phenotypes, 
and probably includes abnormalities in several key genes such as TXNRD2, COMT, ARVCF, 
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and TBX1. TXNRD2 is a thioredoxin reductase that directly reduces proteins (Gasdaska et 
al., 1999); COMT is one of the most extensively studied 22q11.2 genes related to cognitive 
function (Rosa et al., 2004) and ARVCF may contribute to the phenotype of VCFS (Suzuki et 
al., 2009). Moreover, TBX1 has been shown to be the major genetic component responsible 
for the features of DGS/VCFS. TBX1 gain-of-function mutations result in the same phenotype 
as haploinsufficiency caused by loss-of-function mutations or deletions (Zweier et al., 2007). 
As the features of 22q11.2 microduplication syndrome are variable, a few typical clinical 
characteristics have been hard to determine. Some reports even questioned whether the 
22q11.2 microduplication syndrome is a real syndrome (Courtens et al., 2008). Therefore, it 
may be difficult to attribute specific clinical features presented by our patient to the 22q11.2 
microduplication syndrome.

In conclusion, we described a rare case of an unbalanced karyotype including trisomy 
11q23.3-11q25 and trisomy 22q11.1-22q11.21. We concluded that a patient presenting 
intellectual disability may possess a partial duplication of 11q, especially if other specific features 
such as brain malformations, agenesis of corpus callosum, and speech delay are observed. 
Additionally, 22q11.21 duplication may be associated with a diverse range of congenital 
malformations and dysmorphic features. Identification of these karyotypic abnormalities can 
be technically challenging; in the case of our patient, molecular cytogenetic analysis was 
used to precisely delineate the abnormality. Molecular cytogenetic analysis and genetic 
diagnoses are becoming increasingly important in the clinic, and the exact characterization 
of any abnormal chromosomal features is critically important for genetic counseling. Our 
case demonstrates the importance of a clear cytogenetic diagnosis, not only for providing an 
explanation of our patient’s dysmorphic features, but also in facilitating counseling for her 
parents regarding future pregnancies.
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