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Summary

Clinical characteristics
Individuals with 22q11.2 deletion syndrome (22q11.2DS) can present with a wide range of features that are 
highly variable, even within families. The major clinical manifestations of 22q11.2DS include congenital heart 
disease, particularly conotruncal malformations (ventricular septal defect, tetralogy of Fallot, interrupted aortic 
arch, and truncus arteriosus), palatal abnormalities (velopharyngeal incompetence, submucosal cleft palate, bifid 
uvula, and cleft palate), immune deficiency, characteristic facial features, and learning difficulties. Hearing loss 
can be sensorineural and/or conductive. Laryngotracheoesophageal, gastrointestinal, ophthalmologic, central 
nervous system, skeletal, and genitourinary anomalies also occur. Psychiatric illness and autoimmune disorders 
are more common in individuals with 22q11.2DS.

Diagnosis/testing
The diagnosis of 22q11.2DS is established by identification of a heterozygous deletion at chromosome 22q11.2 
on chromosomal microarray analysis or other genomic analyses.

Management
Treatment of manifestations: Cardiac anomalies are treated as recommended by cardiologist; surgical repair for 
palate anomalies as recommended by otolaryngologist; feeding issues are treated with modification of spoon 
placement; standard treatment for gastroesophageal reflux and gastrointestinal dysmotility; immune deficiency 
requires aggressive treatment of infections; rarely, prophylactic antibiotics, IVIG therapy, or thymus tissue 
implantation are required; irradiated blood products are recommended until normalization of the immune 
system can be confirmed; treatment of autoimmune disease as per immunologist; calcium supplementation and 
referral to an endocrinologist and nephrologist because of increased risk of renal calculi if long-term 
supplementation is required; standard treatment for growth hormone deficiency; standard treatment for ocular 
anomalies; hearing aids may be helpful for hearing loss; occupational, physical, and speech therapy with 
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introduction of sign language by age one year, educational and behavioral therapy; support and treatment for 
psychiatric disease as indicated; activity restriction as recommended by an orthopedist for cervical spine 
anomalies; surgery and treatment as recommended by a nephrologist for renal anomalies; routine dental 
treatment with consideration of sealants.

Surveillance: Evaluation for nasal speech quality after language emergence; antibody studies to assess 
seroconversion; reevaluate immune status in childhood before administration of live vaccines; annual complete 
blood count and differential; serum ionized calcium every three to six months in infancy, every five years 
through childhood, every one to two years thereafter, preoperatively and postoperatively, and regularly during 
pregnancy; TSH and free T4 annually; ophthalmologic evaluation between age one and three years or as 
indicated; audiology evaluation in infancy, at preschool age, and in school age children; developmental 
assessments annually; annual clinical surveillance for scoliosis; dental examination every six months.

Agents/circumstances to avoid: Infants with lymphocyte abnormalities should not be immunized with live 
vaccines (e.g., oral polio, MMR). Carbonated drinks and alcohol consumption may exacerbate hypocalcemia. 
Caffeine intake may contribute to or worsen anxiety.

Genetic counseling
22q11.2DS is an autosomal dominant contiguous gene deletion syndrome. In 22q11.2DS caused by a 3.0 (2.54)-
Mb deletion, the deletion is de novo in more than 90% of individuals and inherited from a heterozygous parent 
in about 10% of individuals. Sixty percent of individuals with 22q11.2DS caused by a nested 22q11.2 deletion 
inherited the deletion from an affected parent. Offspring of affected individuals have a 50% chance of inheriting 
the 22q11.2 deletion. Once the 22q11.2 deletion has been identified in an affected family member, prenatal 
testing using FISH, MLPA, or array studies for a pregnancy at increased risk and preimplantation genetic testing 
are possible.

GeneReview Scope
22q11.2 Deletion Syndrome: Included Phenotypes

• DiGeorge syndrome
• Velocardiofacial syndrome
• Conotruncal anomaly face syndrome
• Autosomal dominant Opitz G/BBB syndrome
• Sedlackova syndrome
• Cayler cardiofacial syndrome

For synonyms and outdated names see Nomenclature.

Diagnosis

Suggestive Findings
22q11.2 deletion syndrome (22q11.2DS) should be suspected in individuals with the following clinical findings.

Clinical features

• Congenital heart disease (in 64% of individuals), particularly conotruncal defects (e.g., ventricular septal 
defect, tetralogy of Fallot, interrupted aortic arch, truncus arteriosus)

• Palatal abnormalities (in 67%) including velopharyngeal insufficiency, submucosal cleft palate, bifid uvula, 
cleft palate, and hypernasal speech, dysphagia

• Laryngotracheoesophageal abnormalities including vascular ring, laryngeal web, laryngotracheomalacia, 
and subglottic stenosis

2 GeneReviews®



• Gastrointestinal anomalies including constipation with or without structural gastrointestinal anomalies 
(e.g., anteriorly placed/imperforate anus, esophageal atresia, jejunal atresia, intestinal malrotation, 
Hirschsprung disease), accessory spleens, diaphragmatic hernia, umbilical hernia, and inguinal hernia

• Immune deficiency (in 77%) (e.g., frequent infections, thymic hypoplasia)
• Autoimmune disorders (e.g., juvenile rheumatoid arthritis, Graves disease, vitiligo)
• Ophthalmologic findings including tortuous retinal vessels, ptosis, posterior embryotoxon, sclerocornea, 

coloboma, cataract, anophthalmia, and strabismus
• Other craniofacial features (e.g., hooded eyelids, ear anomalies, prominent nasal bridge, bulbous nose, 

micrognathia, asymmetric crying facies, craniosynostosis)
• Hearing loss (sensorineural and/or conductive)
• CNS abnormalities including hypotonia in infancy, microcephaly, polymicrogyria, and seizures 

(idiopathic or associated with hypocalcemia)
• Developmental delay and/or learning difficulties (in 70%-90%), especially a nonverbal learning disability
• Psychiatric illness including autism spectrum disorder (20% of children), schizophrenia (25% of adults), 

attention deficit disorder, anxiety, perseveration, and difficulty with social interactions
• Early-onset Parkinson disease
• Skeletal anomalies including occipital-cervical anomaly, scoliosis, rib and vertebral anomalies, clubfoot, 

and polydactyly
• Genitourinary tract anomalies including renal anomalies (in 16%) (e.g., hydronephrosis, renal agenesis, 

multicystic/dysplastic kidney), cryptorchidism, and hypospadias

NOTE: See the National Human Genome Research Institute (NHGRI) Atlas of Human Malformation 
Syndromes (scroll to ATLAS IMAGES) for photographs of individuals with 22q11.2 deletion syndrome from 
diverse ethnic backgrounds.

Laboratory features

• Hypoparathyroidism and hypocalcemia (in 50%)
• Growth hormone deficiency
• Hypothyroidism
• Cytopenias (hemolytic anemia, neutropenia, thrombocytopenia)

Establishing the Diagnosis
The diagnosis of 22q11.2DS is established in a proband by identification of a heterozygous deletion at 
chromosome 22q11.2 (see Table 1). The majority of individuals (~85%) with 22q11.2DS have a heterozygous 
2.54-Mb deletion, as described based on chromosomal microarray (CMA) designs, at the approximate position 
of chr22:g.18912231-21465672 in the reference genome (NCBI Build GRCh37/hg19) extending from flanking 
low copy number repeats (LCRs) A-D and including TBX1 (see Figure 1). Note: Historically, the recurrent 
deletion has been described as a 3-Mb deletion [Guo et al 2016].

Note: Approximately 5% of individuals with 22q11.2DS have a heterozygous 1.5-Mb deletion extending from 
LCRs A-B; about 2% have a deletion extending from LCRs A-C; Approximately 5% have a smaller heterozygous 
deletion extending from LCRs B-D or C-D.

ISCN nomenclature for this deletion:

• 2.54-Mb del: seq[GRCh37] del(22)(q11.2) chr22:18,912,231-21,465,672
• 1.5-Mb del: seq[GRCh37] del(22)(q11.2) chr22:20,731,986-21,465,672

Note: (1) Since these deletions are recurrent and mediated by segmental duplications, the unique genetic 
sequence that is deleted is the same in all individuals with each deletion; however, the reported size of the 
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deletion may: (a) may be larger if adjacent segmental duplications are included in the size; and (b) may vary 
based on the design of the microarray used to detect it (see Molecular Pathogenesis). (2) The phenotype of 
significantly larger or smaller deletions within this region may be clinically distinct from 22q11.2DS (see 
Genetically Related Disorders). (3) Although pathogenic variants in a single gene in the 22q11.2 region are not 
causative of 22q11.2DS, several genes of interest have been identified (see Differential Diagnosis and Molecular 
Genetics).

Genomic testing methods that determine the copy number of sequences can include chromosomal microarray 
(CMA) or targeted deletion analysis. Note: The 22q11.2 recurrent deletion cannot be identified by routine 
analysis of G-banded chromosomes or other conventional cytogenetic banding techniques.

• CMA using oligonucleotide or SNP arrays can detect the recurrent deletion in a proband. The ability to 
size the deletion depends on the type of microarray used and the density of probes in the 22q11.2 region.
Note: (1) Most individuals with a 22q11.2 recurrent deletion are identified by CMA performed in the 
context of evaluation for developmental delay, intellectual disability, or autism spectrum disorder. (2) 
Prior to 2004 many CMA platforms did not include coverage for this region and thus may not have 
detected this deletion. The early arrays used to detect the 22q11.2 deletion were BAC CGH arrays with 
approximately 25 kb or less for resolution [Mantripragada et al 2004].

• Targeted deletion analysis. FISH analysis, quantitative PCR (qPCR), multiplex ligation-dependent probe 
amplification (MLPA), or other targeted quantitative methods may be used to test relatives of a proband 
known to have the 22q11.2 recurrent deletion.
Note: (1) Targeted deletion testing is not appropriate for an individual in whom the 22q11.2 recurrent 
deletion was not detected by CMA designed to target this region. (2) It is possible to size the deletion 
routinely by use of targeted methods; in particular, MLPA can be used to detect the different deletion sizes 
by LCR.
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Table 1. Genomic Testing Used in 22q11.2 Deletion Syndrome

Deletion 1 Method
Sensitivity

Proband At-risk family 
members

2.54-Mb heterozygous deletion at 22q11.2

• ISCN: seq[GRCh37] del(22)(q11.2) 
chr22:18,912,231-21,465,672del 2

• ClinGen ID: ISCA-37446

CMA 3 100% 100%

Targeted deletion 
analysis 4 ~95%-100% 5 100% 6

1. See Molecular Genetics for details of the deletion and genes of interest included in the region.
2. Standardized ISCN annotation and interpretation for genomic variants from the Clinical Genome Resource (ClinGen) project 
(formerly the International Standards for Cytogenomic Arrays (ISCA) Consortium). Genomic coordinates represent the minimum 
deletion size associated with the 22q11.2 recurrent deletion as designated by ClinGen. Deletion coordinates may vary slightly based on 
array design used by the testing laboratory. Note that the size of the deletion as calculated from these genomic positions may differ 
from the expected deletion size because of the presence of segmental duplications near breakpoints. The phenotype of significantly 
larger or smaller deletions within this region may be clinically distinct from the 22q11.2 recurrent deletion (see Genetically Related 
Disorders).
3. Chromosomal microarray analysis (CMA) using oligonucleotide arrays or SNP arrays. CMA designs in current clinical use target the 
22q11.2 region.
4. Targeted deletion analysis methods can include FISH, quantitative PCR (qPCR), and multiplex ligation-dependent probe 
amplification (MLPA) as well as other targeted quantitative methods.
5. The commercially available fluorescence in situ hybridization (FISH) probes, N25 and TUPLE, along with TBX1, are located between 
low copy number repeat sequences (LCRs) A-B; therefore, the atypical deletions that do not include LCRs A-B are not identifiable using 
the commercially available FISH probes (Figure 1).
6. Targeted FISH, MLPA, or other quantitative method analysis may be used to test at-risk relatives of a proband who is known to have 
the 22q11.2 recurrent deletion.

Evaluating at-risk relatives. FISH, qPCR, MLPA, or other quantitative methods of targeted deletion analysis can 
be used to identify the 22q11.2 recurrent deletion in at-risk relatives of the proband. Testing of parental samples 
is important in determining recurrence risk (see Genetic Counseling).

Clinical Characteristics

Clinical Description
This section summarizes findings based on publications of individuals with 22q11.2 deletion syndrome 
(22q11.2DS).

Heart. A recent record review of 1,421 individuals with 22q11.2DS revealed congenital heart defects (CHD) in 
64% of individuals [Campbell et al 2018]. The most frequent anomalies are conotruncal defects of the outflow 
tract (see Table 2). Ventricular septal defects were the most common abnormality identified on 
echocardiography. CHD are the major cause of mortality (~87% of all deaths) in children with 22q11.2DS 
[McDonald-McGinn et al 2015]. In addition, adults with 22q11.2DS die prematurely, with sudden death and 
heart failure being the most common causes of death, even in individuals without CHD [Bassett et al 2009]. A 
subset of affected individuals are found to have dilated aortic root [John et al 2009]. The natural history of aortic 
root dilatation is unknown.
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Table 2. Cardiac Findings in Individuals with 22q11.2 Deletion Syndrome

Cardiac Finding % of Affected Individuals

Ventricular septal defect 23%

Tetralogy of Fallot (TOF) 1 18%

Aortic arch anomalies 2 14%

Interrupted aortic arch (IAA) 11%

Atrial septal defect 10%

Pulmonary atresia 6%

Truncus arteriosus (TA) 4%

Patent ductus arteriosus 6%

Bicuspid aortic valve 3%

Pulmonary stenosis 2%

Other 1%

Campbell et al [2018]
1. Includes with and without pulmonary atresia
2. Includes right aortic arch, vascular ring, double aortic arch, and left aortic arch with aberrant right subclavian artery

Palate. In a review of 1,048 individuals with 22q11.2DS, 67% of individuals had a palatal abnormality (Table 3) 
[Jackson et al 2019] – a finding consistent with previous studies. The most common abnormality, velopharyngeal 
incompetence (VPI), may be a structural problem (short palate), a functional problem (hypotonia of the 
velopharyngeal musculature), or a combination of the two. Submucosal cleft palate and/or a bifid uvula are also 
fairly prevalent, whereas overt cleft palate and cleft lip/palate are less frequently observed. Often children initially 

Figure 1. The majority of affected individuals (85%) have a 2.54-Mb deletion encompassing approximately 40 genes; a subset of 
individuals have a smaller atypical or "nested" deletion.
Adapted from McDonald-McGinn & Zackai [2008]
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diagnosed with 22q11.2DS because of a cardiac defect are subsequently found to have unrecognized but 
clinically significant VPI [McDonald-McGinn et al 1997]. It is important to note that the reported incidence of 
palatal abnormalities varies widely, depending on numerous factors including the reporting technique, the 
diligence with which the diagnosis is sought, the age at which the individual is evaluated, and the inherent 
ascertainment bias of any single center. About 26.6% of persons have no palatal involvement.

Table 3. Palatal Findings with 22q11.2 Deletion Syndrome

Palatal Finding % of Affected Individuals

Cleft Palate (CP) 28.5%

• Cleft lip and palate (CLP) 1 0.6%

• Overt cleft palate 4.4%

• Submucosal cleft palate (SMCP) 2 22.8%

Cleft lip only 0.2%

Velopharyngeal incompetence (VPI) 55.2%

• CP + VPI 3.5%

• SMCP + VPI 18.4%

• VPI w/out CP 33.3%

Need follow up / Too young to assess adequately 3 18.7%

Normal 26.6%

From Jackson et al [2019]
1. Either unilateral or bilateral
2. Includes classic (5.1%), occult (2.4%), and bifid uvula (13.6%)
3. No overt abnormality, but children too young to provide an adequate speech sample or poor cooperation

Feeding. About 36% of children have significant feeding difficulties, often severe dysphagia requiring 
nasogastric tube feedings and/or gastrostomy tube placement. Feeding difficulties have been reported in 
individuals without cardiac defects or palatal anomalies. Further evaluation of such children often reveals a 
preponderance of nasopharyngeal reflux, prominence of the cricopharyngeal muscle, abnormal cricopharyngeal 
closure, and/or diverticulum. Thus, the underlying feeding problem in many children appears to be dysmotility 
in the pharyngoesophageal area, which is derived from the third and fourth pharyngeal pouches. Aspiration 
should be considered a possible cause for respiratory compromise or recurrent pulmonary infections and 
reactive airway disease [Eicher et al 2000].

Constipation is a chronic feature in the majority of individuals. In addition, structural anomalies such as 
imperforate anus, intestinal malrotation, intestinal non-rotation, congenital diaphragmatic hernia, esophageal 
atresia, tracheoesophageal fistula, Hirschsprung disease, and feeding difficulties secondary to a vascular ring 
have all been reported and can contribute to significant feeding and swallowing problems and in some instances 
to constipation [Digilio et al 1999, Kilic et al 2003, Jyonouchi et al 2009, Campbell et al 2018].

Immune function. Immunodeficiency occurs as a result of thymic hypoplasia and subsequent impaired T-cell 
production. Newborns with 22q11.2DS have significantly fewer cells of thymic lineage. In previous studies, 67% 
of individuals had impaired T-cell production and 19% had impaired T-cell function [Smith et al 1998, Sullivan 
et al 1999, Sullivan 2019]. In a study of 1,421 individuals with 22q11.2DS, 50% had abnormal T-cell populations 
[Campbell et al 2018]. Improvement in T-cell production occurs over time and children with the most 
significant deficiencies in T-cell production improved most in the first year of life [Sullivan et al 1999]. 
Individuals with slight decreases in T-cell numbers typically had normal defenses against pathogens [Sullivan 
2019].
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CD4+ lymphopenia is associated with TBX1 deletions. In a study of 52 infants approximately age one year, CD3 
and CD4 counts were significantly lower in infants with a TBX1 deletion (proximal deletions; A-B, A-C, A-D) 
than in those who did not have a TBX1 deletion (nested and distal deletions; B-D, C-D, D-E, D-F) [Crowley et al 
2018].

Abnormalities of humoral immunity were observed in 17% of individuals [Campbell et al 2018]. IgA deficiency 
was reported in 13% and appears to be particularly common in those with autoimmune problems including 
juvenile rheumatoid arthritis (JRA) [Sullivan 2019]. Hypogammaglobulinemia present in the first year of life 
usually resolves and hypergammaglobulinemia may occur after age five. Although the majority of affected 
individuals have normal antibody function and antibody avidity, some have functional antibody defects. Those 
with recurrent sinopulmonary infections frequently have immunoglobulin abnormalities, in particular impaired 
antibody responses to pneumococcal polysaccharide vaccine [Gennery et al 2002, Sullivan 2019].

Palatal dysfunction, gastroesophageal reflux, and aspiration pneumonia can all contribute to recurrent infection, 
especially in persons with congenital heart disease. Furthermore, dysphagia can lead to poor nutrition, which 
further impairs cellular immunity. Thus, older children and adults continue to have infections, including 
25%-33% with recurrent sinusitis or otitis media and 4%-7% with recurrent lower respiratory infections [Jawad 
et al 2001]. However, despite these issues, very few school-aged children require active management for their 
immunodeficiency [Sullivan 2019].

Autoimmune disease. Secondary consequences related to T-cell lymphopenia include an increased risk of atopy 
and autoimmune disease. JRA occurs in children with 22q11.2DS at a frequency 20 times that in the general 
population. The age of onset of JRA ranges from 17 months to five years. JRA is often polyarticular and may be 
difficult to manage. HLA types permissive for the development of JRA are observed [Sullivan et al 1997]. Other 
autoimmune disorders associated with 22q11.2DS include: idiopathic thrombocytopenia purpura (ITP), 
hyperthyroidism (Graves disease), hypothyroidism, vitiligo, hemolytic anemia, autoimmune neutropenia, 
aplastic anemia, and celiac disease. ITP is seen 200 times more frequently in individuals with 22q11.2DS than in 
the general population [Jawad et al 2001, Kawame et al 2001, Sullivan 2019].

Parathyroid function. Hypoparathyroidism and subsequent hypocalcemia is present in 17%-60% of persons 
with 22q11.2DS and is typically most serious in the neonatal period. Calcium homeostasis often normalizes with 
age, although recurrence of hypocalcemia in later childhood and adulthood has been reported during illness, 
puberty, and pregnancy. Cheung et al [2014] reported that 80% of adults with 22q11.2DS experienced 
hypocalcemia sometime during their lifetime, and that hypoparathyroidism, hypothyroidism, and 
hypomagnesemia may contribute to hypocalcemia.

Growth. Most adults with 22q11.2DS are of normal stature; however, in 95 children between age one and 15 
years, 41% were below the fifth percentile in height. Of these, four were significantly below the fifth percentile; all 
four individuals had low concentrations of IGF1 and IGFBP3. Three had evidence of growth hormone 
deficiency; three had a small pituitary gland on MRI; and two responded to human growth hormone therapy 
[Weinzimer et al 1998]. Growth charts specific to 22q11.2DS have been developed [Habel et al 2012]. Obesity 
has been reported in up to 35% of adults with 22q11.2DS [Bassett et al 2005].

Eyes. A prospective evaluation for ocular abnormalities in 90 individuals revealed hooding lids (20%), ptosis 
(4%), and distichiasis (abnormal growth of lashes from the orifices of the meibomian glands) (2%). Other 
findings included posterior embryotoxon (49%), prominent corneal nerves (3%), prominent iris crypts (2%), 
tortuous retinal vessels (34%), and tilted optic nerves (1%). Strabismus was observed in 18% and amblyopia in 
4%. A small number of persons have cataracts and colobomas [Forbes et al 2007]. While posterior embryotoxon 
was observed in 12%-32% of controls, the incidence in individuals with 22q11.2DS was almost as high as that 
seen in Alagille syndrome (89%) [Krantz et al 1997]. The incidence of astigmatism, myopia, and hyperopia was 
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comparable to that in the general population. Anophthalmia has been observed in a very small subset of 
individuals [Author, unpublished data].

Other craniofacial features. In addition to palate and ocular anomalies craniofacial findings can include ear 
anomalies, nasal anomalies, asymmetric crying facies, micrognathia, and craniosynostosis [McDonald-McGinn 
et al 2015]. Ear abnormalities include overfolded or squared off helices; cupped, microtic, and protuberant ears; 
preauricular pits or tags; and narrow external auditory meati. Sensorineural and conductive hearing loss have 
both been reported. A prominent nasal bridge, bulbous nose, hypoplastic alae nasi, and nasal dimple / bifid nasal 
tip are common [Campbell et al 2018]. Stridor resulting from vascular ring, laryngomalacia, and laryngeal web, 
laryngeal atresia, and subglottic stenosis can occur. Facial features are variable and may not be present especially 
in persons of African American descent [Kruszka et al 2017].

Central nervous system. The majority of individuals with 22q11.2DS have a history of hypotonia in infancy 
[Swillen & McDonald-McGinn 2015]. Studies report asymmetric crying facies in 8%-14% of individuals 
[McDonald-McGinn et al 1997, Campbell et al 2018]. Microcephaly has been reported in 24%-50% of affected 
individuals [McDonald-McGinn & Sullivan 2011, Campbell et al 2018]. Seizures are most often associated with 
hypocalcemia. However, approximately 15% of persons with 22q11.2DS had unprovoked seizures [Fung et al 
2015].

A study of 24 individuals with 22q11.2DS and MRI/ MRA showed more than half (13/24) had significant 
radiographic findings, including persistent cavum septi pellucidi and/or cavum vergae (8/24), polymicrogyria or 
cortical dysplasia (4/24), and hypoplastic cerebellum (1/24) [Bohm et al 2017]. Functional MRI scans revealed 
significantly reduced posterior brain volumes relative to age- and sex-matched controls with more significant 
white matter loss in the left occipital and left parietal regions than in the frontal lobes [Bearden et al 2004, Bish et 
al 2004, Kates et al 2004]. A large multi-site study using diffusion tensor imaging indicated widespread 
reductions in mean, axial, and radial diffusivities in individuals with 22q11.2DS especially in major cortico-
cortical connections [Villalón-Reina et al 2020].

Psychosocial development and cognitive function. In general, young children with 22q11.2DS have delays in 
motor milestones with a mean age at walking of 18 months, and delay in emergence of language (many are 
nonverbal at age 2-3 years).

In 55 toddlers assessed with Bayley Scales, mental development was average in 22%, mildly delayed in 20%, and 
significantly delayed in 58%. The mean mental developmental index was 67±15, which falls in the significantly 
delayed range, and the mean psychomotor developmental index was 61±13. Speech and language delays were 
present in all children assessed. In the same study, in a group of 24 preschoolers assessed using the WPPSI-R, the 
full-scale IQ was 78±12, the mean performance IQ was 78±12, and the mean verbal IQ was 81±13. In total 
language, 20% were average, 46% were mildly delayed, and 34% were significantly delayed with receptive 
language scores higher than expressive [Gerdes et al 2001].

In a group of 80 school-aged children assessed with the age-appropriate Weschler IQ test, the mean IQ score was 
76.8±13.0; 39% attained full-scale IQ scores in the average range, 31% in the low-average range, and 31% in the 
borderline range [Niarchou et al 2014].

Older individuals with 22q11.2DS generally have an atypical neuropsychologic profile across multiple domains, 
the most striking aspect of which is a significantly higher verbal IQ score than performance IQ score. Moss et al 
[1995] observed a mean split between the verbal IQ and performance IQ in 66% of 80 school-age children 
consistent with a nonverbal learning disability that is rare in the general population [Swillen et al 2018]. Because 
the full-scale IQ score alone does not accurately represent the abilities of many individuals with 22q11.2DS, 
verbal and performance IQ scores need to be considered separately. In addition, affected individuals exhibit 
relative strengths in the areas of rote verbal learning and memory, reading decoding, and spelling. Deficits are 
found in the areas of nonverbal processing, visual-spatial skills, complex verbal memory, attention, working 
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memory, visual-spatial memory, and mathematics. This evidence of stronger verbal-than-visual memory skills 
and stronger reading-than-math skills also supports the presence of a nonverbal learning disorder that requires 
specific cognitive remediation, behavior management, and parental counseling.

Psychiatric illness. Behavior and temperament observed in some individuals with 22q11.2DS include 
disinhibition and impulsiveness on the one hand and shyness and withdrawal on the other. Attention deficit, 
anxiety, perseveration, and difficulty with social interactions are also common. Autism / autism-spectrum 
disorders are reported in approximately 20% of individuals [Swillen & McDonald-McGinn 2015].

It has been suggested that 60% of adults have a psychiatric disorder. Most notably, schizophrenia is identified in 
approximately 25% of individuals; however, anxiety and depressive disorders are also quite common [Bassett et 
al 2011]. Behavioral differences may begin at a young age; screening children with 22q11.2DS for psychiatric 
issues before age ten years may provide an opportunity for early intervention [Swillen & McDonald-McGinn 
2015].

Early-onset Parkinson disease. 22q11.2DS is associated with an increased risk of early-onset Parkinson disease 
with a reported prevalence of 5.9% [Fung et al 2015]. To date, there are few studies of other neurodegenerative 
disorders in 22q11.2DS.

Musculoskeletal system. A review of the musculoskeletal manifestations in 22q11.2DS revealed strong evidence 
that 90.5%-100% of individuals with occiput and cervical imaging (10 studies including 408 individuals) had at 
least one occipital-cervical anomaly [Homans et al 2018]. Common features included flattening of the skull, 
dysmorphic shape or an open arch at the first cervical vertebra, and dysmorphic dens with upswept lamina and 
posterior elements at the second vertebra. A frequently reported anomaly on flexion-extension radiographs is 
increased segmental motion (56%). Scoliosis was described in 14 studies (2,264 individuals), with a prevalence of 
0.6%-60%. Rib anomalies were noted in two studies with a prevalence of 2%-19% and vertebral differences were 
observed in 1.1%-11%.

The most common extremity manifestation is pes equinovarus (clubfoot) which was described in 15 studies 
(2,115 individuals), with a prevalence of 1.1%-13.3%. Patellar dislocation was observed in three studies with a 
prevalence of 10%-20%, though this evidence was weaker. Other anomalies reported included polydactyly, 
shoulder deformities, and overfolded toes.

Genitourinary. Renal anomalies were identified in 16% of individuals with 22q11.2DS; the most common 
anomalies included unilateral hydronephrosis, renal agenesis, and multicystic dysplastic kidney [Campbell et al 
2018]. Although hydronephrosis was the most common upper tract finding, the majority (63%) had isolated 
upper tract dilatation. Boys were significantly more likely to be diagnosed with a genitourinary abnormality than 
girls (8% vs 0.5%). Among males, 4% had cryptorchidism and 4% had hypospadias. Additional anomalies in 
females included vaginal agenesis in two individuals and uterine agenesis in one individual. Other reported 
abnormalities included umbilical hernia, inguinal hernia, chordee, phimosis, and undescended testes.

Other. Other findings observed in individuals with 22q11.2DS:

• Abnormal lung lobation [McDonald-McGinn et al 1995]
• Dental carries
• Malignancies including hepatoblastoma, renal cell carcinoma, thyroid carcinoma, melanoma, leukemia, 

Wilms tumor, and neuroblastoma [Campbell et al 2018, Lambert et al 2018]; overall prevalence 
approximately 6%

• Autosomal recessive disorders (reported in individuals with 22q11.2DS and a pathogenic variant of the 
second allele) including Bernard-Soulier syndrome (caused by a pathogenic variant in GP1BB) and 
CEDNIK syndrome (caused by a pathogenic variant in SNAP29) [Campbell et al 2018].
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Genotype-Phenotype Correlations
A correlation between CD4+ lymphopenia and deletion breakpoints has been reported. CD3 and CD4 counts 
were significantly lower in individuals with 22q11.2 proximal deletions (A-B, A-C, A-D) compared to those with 
nested and distal deletions (B-D, C-D, D-E, D-F) [Crowley et al 2018].

Penetrance
Penetrance is complete in the majority of individuals with 22q11.2DS; variability is marked. Nested deletions are 
often familial and have reduced penetrance and/or a milder expression.

Nomenclature
It is now recognized that 22q11.2DS encompasses the phenotypes previously described as DiGeorge syndrome 
(DGS), velocardiofacial syndrome (VCFS), conotruncal anomaly face syndrome (CTAF), some cases of 
autosomal dominant Opitz G/BBB syndrome, and Cayler cardiofacial syndrome (asymmetric crying facies) 
[McDonald-McGinn et al 2015]. The clinical descriptions of these entities resulted from an ascertainment bias.

The term DiGeorge syndrome is now reserved for individuals who have clinical features of 22q11.2DS but do not 
have an identified 22q11.2 deletion.

Autosomal dominant Opitz G/BBB syndrome may also be referred to as hypertelorism with esophageal 
abnormality and hypospadias.

Prevalence
22q11.2DS is the most frequent chromosome microdeletion syndrome. In a population-based study in Sweden, 
the mean annual incidence was 14.1:100,000 live births [Oskarsdóttir et al 2004, Oskarsdóttir et al 2005a, 
Oskarsdóttir et al 2005b]. A US population-based study found an overall prevalence of about 1:6,000 in whites, 
blacks, and Asians, and 1:3,800 in Hispanics [Botto et al 2003].

Genetically Related (Allelic) Disorders
No phenotypes other than those discussed in this GeneReview are known to be associated with deletion of 
22q11.2.

A small percentage (<1%) of individuals with clinical findings of 22q11.2DS have chromosome rearrangements 
involving 22q11.2, such as a translocation between chromosome 22 and another autosome.

Differential Diagnosis
All of the clinical findings associated with 22q11.2 deletion syndrome (22q11.2DS) can also occur as an isolated 
anomaly in an otherwise healthy individual. Genetic disorders and teratogenic exposures that may cause a 
clinical phenotype similar to 22q11.2DS are discussed in this section.
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Single-Gene Disorders
Table 4. Genes of Interest in the Differential Diagnosis of 22q11.2 Deletion Syndrome

Gene(s) Disorder MOI Key Clinical Features Overlapping w/22q11.2 
Deletion Syndrome

CHD7 CHARGE syndrome (See CHD7 
Disorder.) AD

CHD, palatal anomalies, coloboma, choanal atresia, 
growth deficiency, ear anomalies / hearing loss, 
DDs, facial palsy, genitourinary anomalies, & 
immunodeficiency

DHCR7 Smith-Lemli-Opitz syndrome AR Polydactyly & cleft palate

JAG1 

NOTCH2 Alagille syndrome AD Butterfly vertebrae, CHD, & posterior 
embryotoxon

TBX1 1 Tetralogy of Fallot (OMIM 187500) AD CHD, preauricular pits

AD = autosomal dominant; AR = autosomal recessive; CHARGE = coloboma, heart defects, choanal atresia, restricted growth and 
development, genital abnormalities, and ear anomalies; CHD = congenital heart disease; DDs = developmental delays; MOI = mode of 
inheritance
1. Pathogenic variants in TBX1, a gene located within the A-B region of chromosome 22q11.2, have been found in individuals with 
clinical features of 22q11.2 deletion syndrome (primarily congenital cardiac anomalies) who do not have a deletion [Gong et al 2001, 
Yagi et al 2003].

Chromosome Disorders
Deletion 10p13-p14. Features overlapping with 22q11.2DS can include cardiac defects, immune deficiency, 
hypoparathyroidism, cleft palate, developmental delay, microcephaly, and cryptorchidism [Lichtner et al 2000].

Deletion 11q23-ter (Jacobsen syndrome) (OMIM 147791). Features overlapping with 22q11.2DS can include 
microcephaly, micrognathia, low set ears, ocular manifestations, cardiac defects, hypospadias, cryptorchidism, 
and immune deficiency.

Other
Disorders of unknown genetic etiology

• VACTERL association (when congenital heart disease, vertebral, renal, and limb anomalies are present). 
VATER association is a diagnosis of exclusion without an established etiology to date (OMIM 192350).

• Oculoauriculovertebral (Goldenhar) syndrome (OAVS) (when ear anomalies, vertebral defects, heart 
disease, renal anomalies are present) (OMIM 141400)

Teratogenic exposures. A phenotype similar to 22q11.2DS can be associated with maternal diabetes and 
maternal retinoic acid exposure [Digilio et al 1995, Coberly et al 1996].

Management

Evaluations Following Initial Diagnosis
Clinical practice guidelines for the evaluation and treatment of individuals with 22q11.2 deletion syndrome 
(22q11.2DS) have been published. See Bassett et al [2011] (full text) and Fung et al [2015].

To establish the extent of disease and needs of an individual diagnosed with 22q11.2DS, the evaluations 
summarized in Table 5 (if not performed as part of the evaluation that led to the diagnosis) are recommended.
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Table 5. Recommended Evaluations Following Initial Diagnosis in Individuals with 22q11.2 Deletion Syndrome

System/Concern Evaluation Comment

Cardiology Eval by cardiologist incl chest radiograph, 
EKG, & echocardiogram Chest MRI may be required if a vascular ring is suspected.

ENT

• Clinical eval of the palate
• Consider assessment of carotid arteries 

prior to surgical procedures involving 
the pharynx.

• Consider effects on speech prior to 
adenoidectomy.

• To screen for palatal anomalies that may affect feeding & 
speech development

• Consider pre- & postoperative sleep studies when 
performing pharyngeal procedures.

Gastroenterology

Assessment for feeding problems (e.g., 
gastroesophageal reflux, difficulty w/sucking/
swallowing, advancing feeds, addition of 
textured foods, vomiting) & constipation

Assessment for anatomic differences as needed

Immunology CBC w/differential

• A ↓ absolute lymphocyte count necessitates eval of T- & 
B-cell subsets & referral to immunologist.

• Immunologic eval; may incl flow cytometry, 
immunoglobulins, & T-cell function

Hematology Eval by hematologist in those w/history of ↑ 
bruising/bleeding

Consider assessment of platelet volume & function prior to 
surgical procedures.

Endocrine

• Serum ionized calcium
• Intact parathyroid hormone

• To assess for hypoparathyroidism
• Endocrinology eval if abnormal

TSH & free T4 To evaluate for hypo- & hyperthyroidism

Growth assessment Referral to endocrinologist for those w/height <2nd centile for 
growth hormone deficiency eval

Ophthalmology Ophthalmology eval At time of diagnosis

Audiology Audiology eval At time of diagnosis

Neurology Neurology eval If seizures are suspected

Development Speech & language assessment • By age 1 yr
• Referral to early intervention

Psychiatry Eval by psychologist or psychiatrist
• In those w/anxiety, mood disorder, behavioral 

differences, or frank psychosis
• In teens & adults: incl assessment for at-risk behaviors.

Musculoskeletal

Chest radiograph To evaluate for thoracic vertebral anomalies

Cervical spine radiographs (6 views: flexion, 
extension, AP, lateral, open mouth, skull base)

In all persons age >4 yrs (age at which cervical spine becomes 
ossified) & prior to hyperextension of the neck during surgical 
procedures &/or athletic pursuits (e.g., tumbling)

Nephrology Renal ultrasound exam

Other Consultation w/clinical geneticist &/or genetic 
counselor

Treatment of Manifestations
Table 6. Treatment of Manifestations in Individuals with 22q11.2 Deletion Syndrome

Manifestation/Concern Treatment Considerations/Other

Cardiac anomalies Surgery &/or treatment as recommended by cardiologist Multiple surgeries may be necessary over the 
affected person's lifetime.
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Table 6. continued from previous page.

Manifestation/Concern Treatment Considerations/Other

Palatal anomalies Surgical treatment as recommended by otolaryngologist Refer to cardiologist & endocrinologist prior 
to surgery.

Feeding difficulties

• Modification of spoon placement when eating
• Standard treatment for gastroesophageal reflux 

w/acid blockade
• Prokinetic agents
• Postural therapy
• Standard treatment for gastrointestinal 

dysmotility & to facilitate bowel evacuation

Referral to gastroenterologist to assess for 
structural abnormalities (e.g., intestinal 
malrotation/nonrotation, Hirschsprung 
disease, late-onset diaphragmatic hernia)

Immune deficiency
Treat infections aggressively.

Rarely, prophylactic antibiotics, IVIG 
therapy, or targeted therapy w/thymus tissue 
implantation 1 are required.

Irradiated blood products recommended until 
normalization of immune system can be confirmed

Autoimmune disease Treatment as recommended by immunologist

Hypocalcemia Calcium supplementation in standard manner
Referral to endocrinologist & nephrologist 
due to ↑ risk of renal calculi in those on 
long-term calcium supplementation

Growth hormone 
deficiency Standard treatment per endocrinologist

Ocular anomalies Standard treatment(s) as recommended by 
ophthalmologist

Community vision services through early 
intervention or school district

Hearing loss Hearing aids may be helpful; per otolaryngologist. Community hearing services through early 
intervention or school district

Neurology Standard anti-seizure treatment for seizures not related 
to hypocalcemia

Developmental delay
• OT, PT, & speech therapy
• Introduction of sign language by age 1 yr
• Educational & behavioral therapy

Psychiatric Illness Support & treatment as recommended by psychiatrist/
psychologist

Early diagnosis & intervention improves 
long-term prognosis.

Cervical spine 
abnormalities Restriction of activity as recommended by orthopedist. Recommendations for alternate activities 

improve compliance.

Renal anomalies Surgery & treatment as recommended by nephrologist Refer to cardiologist & endocrinologist prior 
to surgery

Enamel hypoplasia &/ or ↑ 
caries Routine treatment w/consideration of sealants

OT = occupational therapy; PT = physical therapy
1. Gupton et al [2021]
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Surveillance
Table 7. Recommended Surveillance for Individuals with 22q11.2 Deletion Syndrome

System/Concern Evaluation Frequency

ENT Eval for nasal speech quality After language emergence to screen for VPI

Immunology
Antibody studies to assess for 
seroconversion

Between ages 9 & 12 mos; consideration of repeat immunologic eval 
prior to any live virus vaccine

CBC w/differential Annually

Endocrine
Serum ionized calcium

• Every 3-6 mos in infancy, every 5 yrs through childhood, then 
every 1-2 yrs

• Preoperatively & postoperatively
• Regularly during pregnancy

TSH & free T4 Annually

Ophthalmology Ophthalmologic eval Between ages 1 & 3 yrs or as needed based on symptoms

Audiology Audiology eval In infants, preschool age, & school age children

Development Developmental assessments
Annually

Musculoskeletal Clinical surveillance for scoliosis

Dental Dental exam Every 6 mos

VPI = velopharyngeal incompetence

Agents/Circumstances to Avoid
Infants with lymphocyte abnormalities should not be immunized with live vaccines (e.g., oral polio, MMR).

Carbonated drinks and alcohol consumption may exacerbate hypocalcemia.

Caffeine intake may contribute to or worsen anxiety.

Evaluation of Relatives at Risk
It is appropriate to clarify the genetic status of apparently asymptomatic sibs and parents of an affected 
individual in order to identify as early as possible those family members who would benefit from cardiac and 
immunologic evaluation and evaluations and surveillance for other complications of 22q11.2DS.

See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Pregnancy Management
Pregnant women must be monitored medically, taking into account any preexisting conditions including 
congenital heart disease, scoliosis, and reactive airway disease. Additional surveillance should include calcium, 
thyroid, and platelet levels. In addition, individuals with changes in mental status/behavior should be referred 
for immediate evaluation by a mental health care provider.

A fetus at high risk of having 22q11.2DS should undergo a level II ultrasound with fetal echocardiogram to 
evaluate for the following anomalies: congenital heart disease; airway, palate, swallowing, and gastrointestinal 
differences possibly leading to polyhydramnios (congenital diaphragmatic hernia, tracheoesophageal fistula, 
subglottic stenosis, vascular ring, laryngeal web, cleft palate, and cleft and lip/palate); renal anomalies; skeletal 
differences such as club foot and craniosynostosis; and umbilical and inguinal hernia.
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Therapies Under Investigation
Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for information on clinical studies 
for a wide range of diseases and conditions. Note: There may not be clinical trials for this disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
22q11.2 deletion syndrome (22q11.2DS) is a contiguous gene deletion syndrome inherited in an autosomal 
dominant manner.

Risk to Family Members
Parents of a proband

• In 22q11.2DS caused by a 3.0 (2.54)-Mb deletion, the deletion is de novo in more than 90% of individuals 
and inherited from a heterozygous parent in about 10% of individuals [Bassett et al 2011, McDonald-
McGinn et al 2015].

• The proportion of individuals with a nested deletion (i.e., a recurrent, atypical shorter deleted segment 
[LCR22B-D] nested within the large typically deleted region) inherited from an affected parent is higher 
(60%).

• Genomic testing capable of identifying the deletion identified in the proband is recommended for the 
parents of a proband in order to reliably determine recurrence risk.

• If the 22q11.2 deletion cannot be detected in the leukocyte DNA of either parent, possible explanations 
include a de novo deletion in the proband or germline mosaicism in a parent. Parental germline mosaicism 
has been reported [McDonald-McGinn et al 2015].

• The family history of some individuals diagnosed with 22q11.2DS may appear to be negative because of 
failure to recognize the disorder in family members because of clinical variability and/or reduced 
penetrance. Therefore, an apparently negative family history cannot be confirmed unless the parents have 
been tested for the 22q11.2 deletion identified in the proband.

• Note: If the parent is the individual in whom the pathogenic variant first occurred, the parent may have 
somatic mosaicism for the variant and may be mildly/minimally affected. Apparently asymptomatic adults 
with somatic mosaicism have been identified [McDonald-McGinn et al 2015].

Sibs of a proband. The risk to the sibs of a proband depends on the clinical/genetic status of the proband's 
parents:

• If a parent is affected and/or is known to have a 22q11.2 deletion, the risk to the sibs is 50%. The 
phenotype in a sib who inherits the deletion cannot be predicted because 22q11.2DS is associated with 
significant intrafamilial clinical variability.

• If the 22q11.2 deletion identified in the proband cannot be detected in the leukocyte DNA of either parent, 
the recurrence risk to sibs is slightly greater than that of the general population because of the possibility 
of parental germline mosaicism [McDonald-McGinn et al 2015].

• If the parents have not been tested for the 22q11.2 deletion but are clinically unaffected, the risk to the sibs 
of a proband appears to be low. However, sibs of a proband with clinically unaffected parents are still 
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presumed to be at increased risk for 22q11.2DS because of the possibility of reduced penetrance in a 
heterozygous parent or parental germline mosaicism.

• In the (unlikely) event that a parent has a balanced structural chromosome rearrangement involving the 
22q11.2 region, the risk to sibs is increased. The estimated risk depends on the specific chromosome 
rearrangement.

Offspring of a proband. Each child of an individual with 22q11.2DS has a 50% chance of inheriting the 22q11.2 
deletion.

Other family members. The risk to other family members depends on the status of the proband's parents: if a 
parent has the deletion, the parent's family members may be at risk.

Related Genetic Counseling Issues
Family planning

• The optimal time for determination of genetic risk and discussion of the availability of prenatal/
preimplantation genetic testing is before pregnancy.

• It is appropriate to offer genetic counseling (including discussion of potential risks to offspring and 
reproductive options) to young adults who are affected or at risk.

Prenatal Testing and Preimplantation Genetic Testing
High-risk pregnancies

• Molecular genetic testing. Once the 22q11.2 deletion has been identified in an affected family member, 
prenatal testing using FISH, MLPA, or array studies for a pregnancy at increased risk and preimplantation 
genetic testing are possible.

• Ultrasound evaluation. Pregnancies at increased risk may be evaluated between 18 and 22 weeks' 
gestation by high-resolution ultrasound examination for palatal and other associated anomalies and by 
echocardiography for cardiac anomalies. Note: Gestational age is expressed as menstrual weeks calculated 
either from the first day of the last normal menstrual period or by ultrasound measurements.

Low-risk pregnancies. In some pregnancies not known by family history to be at increased risk for 22q11.2DS, 
findings of congenital heart disease and/or cleft palate or cleft lip/palate detected by routine ultrasound 
examination may suggest the diagnosis, in particular in those individuals with conotruncal cardiac anomalies 
such as interrupted aortic arch, truncus arteriosus, tetralogy of Fallot, and ventricular septal defect. Additional 
structural differences that can be associated with 22q11.2DS and may be identified prenatally include: congenital 
diaphragmatic hernia, umbilical or inguinal hernia, tracheoesophageal fistula / esophageal atresia / laryngeal 
atresia, polydactyly, craniosynostosis, polymicrogyria, and renal anomalies. In addition, polyhydramnios is 
frequently present. Chromosome preparations obtained from fetal cells can be analyzed using array studies, 
MLPA, or FISH. Establishing the diagnosis of 22q11.2DS even late in gestation can be useful for perinatal 
management.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• International 22q11.2 Deletion Syndrome Foundation, Inc.
P.O. Box 2269
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Cinnaminson NJ 08077
Phone: 877-739-1849 (toll-free)
Email: info@22q.org
www.22q.org

• Max Appeal
15 Meridian Avenue
Stourbridge West Midlands DY8 1049
United Kingdom
Phone: 0800 389 1049 toll free
Email: info@maxappeal.org.uk
www.maxappeal.org.uk

• Medical Home Portal
22q11.2 Deletion Syndrome

• National Library of Medicine Genetics Home Reference
22q11.2 deletion syndrome

• NCBI Genes and Disease
DiGeorge syndrome

• Chromosome 22 Central
Phone: 919-762-7979
Email: usinfo@c22c.org; c22central@gmail.com
c22c.org

• Chromosome Disorder Outreach Inc.
Phone: 561-395-4252
Email: info@chromodisorder.org
chromodisorder.org

• European Society for Immunodeficiencies (ESID) Registry
Email: esid-registry@uniklinik-freiburg.de
ESID Registry

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. 22q11.2 Deletion Syndrome: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar

Not applicable 22q11.2 Not applicable
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Table A. continued from previous page.

TBX1 22q11.21 T-box transcription 
factor TBX1

TBX1 database TBX1 TBX1

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for 22q11.2 Deletion Syndrome (View All in OMIM)

145410 none found

188400 DIGEORGE SYNDROME; DGS

192430 VELOCARDIOFACIAL SYNDROME; VCFS

600594 DIGEORGE SYNDROME CRITICAL REGION GENE 2; DGCR2

601279 DIGEORGE SYNDROME CRITICAL REGION GENE 6; DGCR6

601755 ESS2 SPLICING FACTOR HOMOLOG; ESS2

602054 T-BOX TRANSCRIPTION FACTOR 1; TBX1

609030 DGCR8 MICROPROCESSOR COMPLEX SUBUNIT; DGCR8

Molecular Pathogenesis
The 3.0-Mb deletion at chromosome 22q11.2 (referred to in CMA nomenclature as a 2.54-Mb deletion with 
coordinates ~18912231-21465672, genome build UCSC GRCh37) results in the deletion of several genes of 
interest (see Genes of interest in this region).

More than 85% of individuals with a 22q11.2 deletion have deletions in the same ~3.0-Mb (2.54-Mb by CMA) 
region; the remainder have either variant deletion endpoints or recurrent, atypical shorter deleted segments 
nested within the large typically deleted region (TDR) (see Figure 1) [Levy et al 1995, Kurahashi et al 1996, 
O'Donnell et al 1997, McQuade et al 1999]:

• 3.0 (2.54)-Mb del: ISCN-37446
• 2-Mb atypical del: ISCN: NA
• 1.5-Mb del: ISCN-37516
• Distal deletion: ISCN-46292

A small 20-kb deletion within the TDR was reported in an individual with a classic VCFS/DGS phenotype 
[Yamagishi et al 1999]. This smaller deletion disrupts UFD1L and CDC45L. In several additional affected 
individuals, the deletions do not overlap the typically deleted region in that they begin distal to it and extend 
toward the telomere. The location of duplicated sequence blocks in the vicinity of the 22q11.2 deletion endpoints 
strongly implicates them in the events leading to the typical and atypical deletions.

A small number of individuals have the deletion as the result of unbalanced translocations that delete the 22pter 
→ q11 region. (For more information, see Table A, Locus Specific.)

Genes of interest in this region

• TBX1. Loss of TBX1 is associated with congenital heart defects (see Differential Diagnosis, Single-Gene 
Disorders). In addition, TBX1 has been associated with cardiac, pharyngeal, brain microvasculature, and 
cognitive and behavioral deficits [McDonald-McGinn et al 2015].

• DGCR8 may have an epigenetic role and modify expression of genes contributing to the neuropsychiatric 
and other phenotypes associated with 22q11.2DS.

• CRKL has been associated with cardiac anomalies and appears to modulate natural killer cell function.
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• SNAP29 pathogenic variants have been associated with CEDNIK syndrome (OMIM 609528), a recessive 
disorder.

• PRODH pathogenic variants have been associated with hyperprolinemia type I (OMIM 239500), a 
recessive disorder.

Chapter Notes
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