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INTRODUCTION

Chromosome 22, one of 23 pairs of chromosomes in human cells, was the first 
human chromosome to be fully sequenced by the Human Genome Project [1,2]. 
Human chromosomes are numbered by their apparent size in the karyotype, with 
chromosome 1 being the largest. Chromosome 22 was originally identified as the 
smallest; however, genome sequencing has revealed that chromosome 21 is 
smaller. Chromosome 22 is an acrocentric chromosome containing ribosomal 
RNA genes on the short p-arm; it contains 500–600 genes, representing 1.5%–2% 
of the total DNA in cells. Fig. 1 revealed ideogram and G-banding patterns gener-
ated for normal human chromosome 22 observed under a microscope at resolu-
tions of 400–550 bands [3] (Fig. 1A, B).

Various conditions caused by copy number changes in partial chromosome 22 
are previously reported [4]. Among them, well-described syndromic disorders of 
chromosome 22 are focused and their clinical features are summarized in this re-
view: 22q11.2 deletion syndrome, 22q11.2 duplication syndrome, 22q11.2 distal 
deletion syndrome, Phelan-McDermid syndrome, and cat-eye syndrome (22 pter-
q11 duplication syndrome) (Fig. 1C). Furthermore, considerations related to test-
ing and genetic counseling are discussed.

22q11.2 DELETION SYNDROME 

22q11.2 deletion syndrome is an autosomal dominant syndrome involving a 
set of contiguous genes [5]. It includes phenotypes previously described as Di-
George syndrome (MIM #188400), velocardiofacial syndrome (MIM #192430), 
conotruncal anomaly face syndrome [6], autosomal dominant Opitz G/BBB syn-
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drome (MIM #145420), Sedlackova syndrome [7], and Cayler 
cardiofacial syndrome (MIM #125520) (https://rarediseases.
info.nih.gov/diseases/10299/22q112-deletion-syndrome).

The 22q11.2 region spans 6.6 million base pairs (Mb: Genome 
GRCh/38/hg38 Assembly; chr22:18,125,038-24,727,631), in-
cluding 101 protein-coding genes, 11 miRNA genes, and low-
copy repeats (LCR22s). Most individuals with 22q11.2 dele-
tion syndrome are lacking approximately 3 million base pairs 
on one copy of chromosome 22. The deletion is near the mid-
dle of the chromosome at q11.2, in a region containing ap-
proximately 30 genes, many of which are not well-character-
ized. Among the genes of interest in this region, TBX1 (MIM* 
602054), a member of the T-box gene family, is thought to be 
responsible for many of the physical characteristics of 22q11.2 
deletion syndrome, except learning disabilities [8,9]. 

The features of 22q11.2 deletion syndrome are highly vari-
able, even within families. The major clinical manifestations 
include heart defects, feeding difficulties, gastrointestinal prob-
lems, developmental delay, cleft palate, distinctive facial fea-
tures, low calcium levels, increased risk of behavioral prob-
lems, psychiatric illnesses, and autoimmune disorders [5].

The detection of this alteration is not by karyotyping due to 
detection limits, and most cases are identified by chromosom-
al microarray analyses, which are useful tools for detection of 
genome-wide copy number changes on chromosomes.

22q11.2 DUPLICATION SYNDROME

22q11.2 duplication syndrome (MIM#608363) typically in-

volves approximately 3 Mb of additional genetic material in 
the region that is missing in 22q11.2 deletion syndrome (de-
scribed above) [10,11] (https://rarediseases.info.nih.gov/
diseases/10557/22q112-duplication-syndrome). 

The features of this condition vary widely, even among 
members of the same family. Affected individuals may have 
hypotonia, intellectual or learning disabilities, global develop-
mental delay, short stature, pharyngeal anomalies, a cleft pal-
ate, anxiety, and autism. Duplication as same as deletion is not 
identified by karyotyping but by chromosomal microarray 
analyses.

22q11.2 DISTAL DELETION SYNDROME 

The 22q11.2 distal deletion is a rarer deletion located far 
from the centromere of chromosome 22q11, which does not 
overlap with the common cases with 22q11.2 deletion syn-
drome. The information guide for this disorder was separated 
from that for the 22q11.2 deletion syndrome by Unique  
(https://rarechromo.org/disorder-guides/).

The clinical features associated with the 22q11.2 distal dele-
tion syndrome include developmental delay, learning difficul-
ties, heart problems, behavioral difficulties, and subtly unusual 
facial features. Several adults have been reported in the litera-
ture [12]. Apparently they had no health or developmental 
problems, apart from recurrent infections, inqunal hernia, 
short stature, or mild to moderate learning difficulties.

The genes responsible for the clinical features associated 
with 22q11.2 distal deletion syndrome have not been clearly 

Fig. 1. (A) Cases of G-banded karyogram for normal chromosome 22 captured from constitutional chromosome study using human 
peripheral blood lymphocytes. (B) 550-band level ideogram of G-banding patterns for normal human chromosome 22 based on the 
ISCN 2020. The location and width of bands are not based on any measurements. (C) Schematic representation of altered regions in 
chromosome 22 deletion or duplication syndromes. 
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defined. However, CRKL (MIM*602007) and MAPK1 (MIM* 
176948) are candidate genes for heart anomalies [13,14]. 
SMARCB1 (MIM*601607) on very distal region are associated 
with an increased risk of malignant rhabdoid tumours. So case 
of a deletion including SMARCB1 gene should require pro-
longed monitoring for this tumor [15,16].

The molecular techniques, such as chromosomal microar-
ray, are needed to detect this microdeletion.

PHELAN-MCDERMID SYNDROME 

Phelan-McDermid syndrome (MIM#606232), previously 
referred to as 22q13 deletion syndrome, is caused by a hetero-
zygous deletion at 22q13.3 near the end of the long arm of 
chromosome 22 or by a pathogenic variant in the SHANK3 
gene (MIM*606230) [17-22].

Most terminal or interstitial deletions of 22q13.3 arise de 

novo in the proband; however, the deletion may be the result 
of a chromosomal rearrangement or mosaicism in a parent. 
Pathogenic variants in SHANK3 are mostly de novo [19].

The typical clinical findings of 22q13.3 deletion syndrome 
are neonatal hypotonia, severe developmental delay, delayed 
speech, intellectual disability, autistic-like behavior, and minor 
dysmorphic facial features, such as dolichocephaly, flat mid-
face, deep-set eyes, long eyelashes, wide nasal bridge, full 
cheeks, and prominent ears. Other features include large, 
fleshy hands, dysplastic toenails, and hypohidrosis. The fea-
tures distinguishing 22q13.3 deletion syndrome from other 
autosomal chromosomal disorders are a normal stature and 
head size [18]. 

Diagnosis is based on laboratory genetic testing: chromo-
somal study, chromosomal microarray, and molecular test for 
SHANK3.

CAT-EYE SYNDROME

Cat-eye syndrome (MIM#115470), also known as Schmid-
Fraccaro syndrome, partial tetrasomy 22, partial trisomy 22, 
and inverted duplication of 22 pter-q11, is a rare disorder most 
often caused by duplicated genetic material on chromosome 
22 [23,24]. It is thought to be underdiagnosis due to variable 
phenotypic variability, variable severity, and sometimes mosa-
icism.

The characteristic signs and symptoms of cat-eye syndrome 
are an eye abnormality called ocular iris coloboma. About half 
of patients with cat-eye syndrome have a colored iris that can 

make the pupil appear elongated (hence, the name “cat-eye”). 
Vision is not affected if only the iris is affected; however, colo-
bomas in other layers of the eye may affect vision and cause 
blindness. Other features include small skin tags or pits in 
front of the ear, heart defects, kidney problems, anal atresia 
with a fistula, cleft palate, downslanting palpebral fissures, hy-
pertelorism, skeletal abnormalities, and delayed development. 
Most of patients diagnosed with cat-eye syndrome have nor-
mal intellect or mild to moderate intellectual disability. 

In cat-eye syndrome, the duplicated DNA exists as an addi-
tional chromosome material: ring form of small supernumer-
ary marker chromosome (sSMC), dicentric sSMC, or intersti-
tial duplication. These abnormalities are usually shown in 
germline chromosomal study or FISH for chromosome 22. 
For the precise diagnosis, molecular genetic test called chro-
mosomal microarray may be needed. 

The additional chromosome 22 material generally arises de 

novo during development, but direct transmission from as-
ymptomatic patents with its mosaicism was possible [25,26].

Other conditions associated with deletion or duplication of 
chropmosome 22 are also reported but not described in this 
review: 22q11.2 distal duplication [27,28], Emanuel syndrome 
[29].

MANAGEMENT AND GENETIC COUNSELING

Patients with chromosomal deletion or duplication syn-
dromes often have a wide range of health issues, and many of 
these symptoms mimic those of other conditions. Currently, 
no specific therapies are available. Therefore, the treatment of 
these syndromes is symptomatic. 

Genomic testing identifying the deletion or duplication 
identified in the proband is recommended for apparently as-
ymptomatic parents and siblings to reliably determine the re-
currence risk and identify any other complications. Pregnant 
women must be monitored medically, accounting for preexist-
ing conditions. Fetuses at high risk for genetic disorders should 
undergo prenatal evaluation. The optimal time for determin-
ing the genetic risk and discussing the availability of prenatal/
preimplantation genetic testing is before pregnancy.

Genetic counseling is the process of providing individuals 
and families with information on the nature, inheritance pat-
terns, and implications of genetic disorders to help them make 
informed medical and personal decisions. If a deletion or du-
plication cannot be detected in the leukocyte DNA of either 
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parent, possible explanations include de novo change in the 
proband or germline mosaicism in the parent [30].

Because of clinical variability and/or reduced penetrance, a 
negative family history cannot be confirmed unless parents 
have been tested for the 22q11.2 alteration identified in the 
proband. If the 22q11.2 deletion/duplication identified in the 
proband cannot be detected in the leukocyte DNA of either 
parent, the recurrence risk in siblings is slightly greater than 
that of the general population because of the possibility of pa-
rental germline mosaicism.

CONCLUSION

Individuals with partial deletions or duplications of chro-
mosome 22 exhibit variable features, and many symptoms are 
similar among these syndromes. Diagnosis based on clinical 
features and physical examination can be challenging. More-
over, most cases cannot be detected by routine karyotyping 
due to its detection limits. Especially chromosomal microarray 
analyses is useful tools for detecting genome-wide copy num-
ber changes on chromosomes. Nowadays, the rising number 
of chromosomal microarray testing has led to a greater possi-
bility of identifying deletion or duplication syndromes related 
to chromosome 22. Useful detection methods, along with 
well-organized information, careful attention, and active in-
spection by medical doctors, could enable earlier identifica-
tion and proactive care.  
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