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Abstract. Emanuel syndrome (ES) is the most frequent type of 
recurrent non‑Robertsonian translocation that is characterized 
by numerous anomalies. Over 100 patients with ES have been 
described in the literature. The phenotype of this syndrome 
varies but often consists of facial dysmorphism, microcephaly, 
severe intellectual disability, developmental retardation, 
congenital heart disease and genital anomalies. The present 
study describes a 2‑year‑old boy with multiple malformations, 
including facial dysmorphism, severe intellectual disability, 
growth retardation, congenital heart disease, cleft lip and 
palate, genital malformation (micropenis), amblyopia, thymic 
dysplasia and hearing impairment. The karyotype of the 
patient was 47,XY,+del(22)(q13), and the maternal karyotype 
was 46,XX,t(11;22)(q25;q13),9qh‑,15p+. Single‑nucleotide 
polymorphism‑array analysis of the proband indicated a partial 
duplication of chromosomes 22 and 11 at 22q11.1‑q11.21 and 
11q23.3‑q25, respectively, which confirmed the diagnosis of 
ES. To date, no cases of ES have been reported in mainland 
China. The present case further emphasizes the necessity and 
importance of high‑resolution techniques for genetic diagnosis 
and for subsequent genetic counseling. The present study 
contributed to the phenotypic delineation of ES and confirmed 
the first ES patient in mainland China.

Introduction

Emanuel syndrome (ES), also referred to as derivative  
22 syndrome, derivative 11;22 syndrome, partial trisomy 
11;22, or supernumerary der(22) t(11;22) syndrome (1,2), is an 
unbalanced translocation syndrome that usually results from 
a 3:1 meiotic disjunction of a parental balanced translocation 
between chromosomes 11 and 22 during gametogenesis. In 
>99% of patients with ES, one of the parents is a balanced 
carrier of a t(11;22)(q23;q11.2) translocation and normal 
phenotype. The possible outcomes of future pregnancies of the 
parents include: Normal chromosomes, Emanuel syndrome, 
balanced t(11;22) carrier, and spontaneous abortion as a result 
of ES or another meiotic malsegregation. ES is character-
ized by severe intellectual disability, microcephaly, failure 
to thrive, preauricular tag or sinus, ear anomalies, cleft or 
high‑arched palate, micrognathia, congenital heart disease, 
anal atresia, diaphragmatic hernia and genital abnormalities in 
men (3). The prevalence of ES is estimated at 1 in 110,000, and 
long‑term survival is possible (4,5). Referring to the treatment 
strategies of ES, care provided by a multidisciplinary team is 
essential, and includes standard management of anal atresia, 
diaphragmatic hernia, cardiac defects, hearing loss, cleft 
palate and speech therapies.

Clinical diagnosis of ES depends on the distinct pheno-
type above. The molecular genetic testing foe ES consists 
of chromosome analysis, fluorescence in situ hybridization, 
chromosomal microarray analysis. In the present study, 
chromosome analysis and chromosomal microarray analysis, 
which usually include comparative genetic hybridization 
and single nucleotide polymorphism (SNP)‑arrays, were 
performed. Chromosomal microarray analysis has greatly 
improved the available chromosome resolution and the 
identification of chromosomal abnormalities, particularly in 
defining the breakpoint of rearrangements and the accurate 
detection of copy number variants. The present study aimed to 
confirm the first patient with ES in China, and to promote the 
understanding of this syndrome in mainland China.
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Materials and methods

Ethical approval and patient consent. This study was approved 
by the Review Board of The Second Xiangya Hospital of 
Central South University (Changsha, China). Written informed 
consent was obtained from the parents of the patient for publi-
cation of this study and any accompanying images.

Clinical presentation. The proband, a 2‑year‑old boy, was 
born full term to a 26‑year‑old G1P1 mother and a 30‑year‑old 
father. The family history is unremarkable. The mother had 
a history of threatened abortion at 8 weeks gestation and 
underwent tocolytic treatment at a local hospital. At 5 months 
old, the patient received surgery to repair a cleft lip; at this 
time, a cardiac murmur was identified and echocardiography 
revealed an atrial septal defect (ASD). The child was referred 
to The Second Xiangya Hospital of Central South University 
(Changsha, China) and the ASD was repaired in December 
2014; however, during surgery, thymic dysplasia was revealed. 
Karyotype analysis determined the proband to be 47,XY,+del 
(22)(q13) and the maternal karyotype was 46,XX,t(11;22)
(q25;q13),9qh‑,15p+. During hospitalization, it was noted 
that the patient was unable to speak and walk. The Gesell 
Maturation Scale determined a developmental quotient of 33, 
which indicates an intelligence level equal to a 30‑week‑old 
infant, and is attributed to the severe mental and developmental 
retardation of the patient. Hearing impairment was detected 
using an auditory acuity test. Physical examination revealed 
facial dysmorphism, cleft lip and palate, genital malformation 
(micropenis) and amblyopia. Dysmorphic features included a 
prominent forehead, widely separated eyes with down‑slanting 
palpebral fissure, broad nasal bridge, prominent philtrum, and 
bilateral large and low‑set ears (Fig. 1).

Follow‑up was completed in September 2015; at this time 
echocardiography revealed no left‑to‑right shunt at the atrial 
septum, and the ejection fraction was normal.

Cytogenetic analysis. Peripheral blood (5 ml) was collected 
from the patient and each of the parents, and chromosome 
analysis was performed by conventional G‑banding techniques 
(550‑band resolution). All samples were subjected to lympho-
cyte culture according to standard cytogenetic protocol (6).

SNP‑array analysis. Genomic DNA was isolated from periph-
eral blood of the patient and the two parents using the DNeasy 
Blood & Tissue kit (Qiagen, Inc., Valencia, CA, USA) with 
the QIAcube automated DNA extraction robot (Qiagen GmbH, 
Hilden, Germany). Genomic DNA samples were adjusted to 
a final concentration of 50 ng/ml. The HumanOmni1‑Quad 
BeadChip (Illumina, Inc., San Diego, CA, USA) and the 
Illumina BeadScan genotyping system (Beadstation Scanner; 
Illumina, Inc.) were employed to obtain the signal intensities 
of the SNP probes (7‑9). The HumanOmni1‑Quad Beadchip 
contains >1.1 million loci across the human genome, including 
markers derived from the International HapMap Project, the 
1000 Genomes Project (http://www.internationalgenome.org/) 
and previously published studies (10). The human genome 
assembly GRCh37/hg19 from the University of California, 
Santa Cruz Genome Browser (Santa Cruz, CA, USA) was used 
with Illumina GenomeStudio v2011 (Illumina, Inc.) software 

to analyze the genotypes and to evaluate the experimental 
quality. The call rates of the samples are >99.2%.

Results

Chromosome analysis of the proband and his parents was 
performed using G‑banding techniques on stimulated blood 
lymphocytes. Cytogenetics revealed the karyotypes of the 
proband and his mother to be 47,XY,+del(22)(q13) and  
46,XX,t(11;22)(q25;q13),9qh‑,15p+, respectively (Fig. 2); his 
father had a normal karyotype result.

To define the chromosomal abnormality, SNP‑array 
analysis was performed on the proband's genomic DNA using 
the Illumina HumanOmni1‑Quad array (Fig. 3). This analysis 
revealed a region of gain that spanned ~3.1 Mb on chromo-
some 22q11.1‑q11.21, between 16,855,618 and 19,995,480 bp 
(Fig.  3B). In addition to the aforementioned duplication, 
the present study detected a duplication of ~18.2 Mb in 
chromosome region 11q23.3‑q25, between 116,696,681 and 
134,942,926 bp (Fig. 3A). The diagnosis of ES was confirmed 
by comparing the breakpoints identified in this patient with 
those reported in other cases of ES (11). Maternal SNP‑array 
analysis was normal.

Discussion

ES is an inherited chromosomal abnormality syndrome (3) that 
consists of a derivative chromosome 22 as a supernumerary 
chromosome with a karyotype of 47,XX,+der(22)t(11;22)
(q23;q11) in females or 47,XY,+der(22)t(11;22)(q23;q11) in 
males (5). In 2004, this chromosomal imbalance was named 
as ES (OMIM no. 609029) (1,3) According to previous reports, 
>100 individuals with ES have been reported  (1,3,12‑16); 
however, the patient in the present study is the first, to the best 
of our knowledge, to be reported in China.

Patients with ES exhibit a distinctive phenotype, and 
global developmental delay is observed in almost all patients. 
Congenital heart disease is present in ~57% subjects, with the 
three most common anomalies being ASD, ventricular septal 
defect and patent ductus arteriosus. Other heart malforma-
tions, including tetralogy of Fallot, coarctation of the aorta, 
pulmonic stenosis, total anomalous pulmonary venous connec-
tion, truncus arteriosus, transposition of the great arteries and 
tricuspid atresia, have previously been reported (1,5,16‑18). In 
the present study, besides ASD, the proband presented with 
severe intellectual disability and developmental retardation, 
congenital heart disease, facial dysmorphism, cleft lip and 
palate, thymic dysplasia, hearing impairment, genital malfor-
mation (micropenis) and amblyopia; these clinical features 
have been observed in other patients with ES.

Based on the clinical features of the proband and the 
karyotype of his mother, the diagnosis of ES was consid-
ered, but not confirmed, following karyotype analysis. 
Translocation‑specific polymerase chain reaction (PCR) is the 
most cost‑effective diagnostic method for der(22)t(11;22) and 
der (22)t(8;22) (19); however, other chromosomal abnormalities 
cannot be detected using this method. For this reason, the more 
accurate and precise SNP‑array is used to verify the results 
of translocation‑specific PCR. Therefore, SNP‑array analysis 
was considered to further investigate the genetic variation of 
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Figure 1. Facial features of the proband. (A) Frontal and (B and C) lateral views of the patient. (A) The patient has a prominent forehead, widely separated eyes 
with downslanting palpebral fissure, broad nasal bridge and prominent philtrum. (B and C) The patient has large and low‑set ears.

Figure 2. Results of karyotype analysis. (A) G‑banded chromosomes revealing 47,XY,+del(22)(q13) in the patient; red arrow indicates partial trisomy of 
chromosome 22. (B) G‑banded chromosomes revealing 46,XX,t(11;22)(q25;q13),9qh‑,15p+ in the patient's mother; red arrow indicates partial translocation 
of chromosome 11 and 22.

Figure 3. Illumina SNP‑array results of the proband. (A) HumanOmni1‑Quad SNP‑array analysis of the 11q23.3‑q25 region indicates a 18.2 Mb duplica-
tion (Chr11: 116,696,681‑134,942,926). (B) HumanOmni1‑Quad SNP‑array analysis of the 22q11.1‑q11.21 region indicates a 3.1 Mb duplication (Chr22: 
16,855,618‑19,995,480 bp). SNP, single‑nucleotide polymorphism.
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the proband. SNP‑array analysis identified two pathogenic 
duplications, which involved 22q11.1‑q11.21 (3.1Mb) and 
11q23.3‑q25 (18.2Mb), respectively. This result confirmed 
the diagnosis of ES and demonstrated the limit of karyotype 
analysis, suggesting that a high‑resolution technique, such as 
the SNP‑array or array comparative genomic hybridization, 
should be recommended when karyotype analysis is uncertain.

Duplication of 22q11.2 has been reported to present a highly 
variable phenotype that ranges from healthy individuals to 
those with learning disabilities and congenital defects (20‑23). 
Some of the main clinical features of 22q11.2 duplication, 
including facial dysmorphism, hearing impairment and 
congenital heart disease, were present in the patient in the 
present study. One crucial gene that is affected by 22q11.2 
duplication is T‑box 1, which contributes to the phenotype of 
the proband with ES.

Duplication of 11q23.3‑q25 without a copy number change 
of another chromosome is rare  (24‑28) and shares several 
common clinical features with 22q11.2 duplication, such 
as intellectual disability, growth retardation, microcephaly, 
facial dysmorphism, epilepsy, congenital inguinal hernia, 
and cardiac, renal and cerebral malformations (27,29), some 
of which were presented in the patient in the present study. 
The duplication region of this patient contains >100 OMIM 
genes, many of which have not been well characterized. The 
genes that contribute to the phenotypes of 11q23.3‑q25 dupli-
cation and the mechanisms by which changes in gene dosage 
exert disruptive effects on gene structure and function remain 
unknown. Above all, the clinical phenotype of ES arises from 
the duplication of 22q11 and 11q23‑qter (25).

When the mother is a balanced translocation carrier, 
there is an increased sibling recurrence‑risk ratio of children 
with ES, as well as pregnancy loss due to other types of 
unbalanced translocations. Genetic counseling is essential 
and indispensable for this population. Furthermore, prenatal 
diagnosis could be performed through chorionic villus biopsy 
or amniocentesis.

In conclusion, the present study described the clinical 
features of a patient with ES. Although >100 patients with 
ES have been reported worldwide, the proband in the present 
study is the first, to the best of our knowledge, to be reported 
in China. Considering the prevalence of ES and the population 
of China, there are likely to be numerous patients with undi-
agnosed ES. The present study emphasizes the necessity and 
importance of high‑resolution techniques for the molecular 
diagnosis of chromosomal abnormalities, and contributes to 
the further mapping and phenotypic delineation of ES.
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