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Abstract

22q11.2 deletion syndrome (22q11DS) is one of the most common recurrent copy-number variant 

disorder, caused by a microdeletion in chromosome band 22q11.2 and occurring with a population 

prevalence of 1 in 2000. Until today there has been no evidence that the size of the deletion has an 

influence on the clinical phenotype. Most studies report that 22q11DS is associated with mild or 

borderline intellectual disability. There are a limited number of reports on 22q11DS subjects with 

moderate or severe intellectual disability.

In this study we describe 63 adult patients with 22q11DS, including 22q11DS patients functioning 

at a moderate to severe intellectual disabled level. Deletion size was established with an 

experimental Multiplex ligation-dependent probe amplification (MLPA) mixture (P324) in 

addition to the commonly used MLPA kit (P250). We compared deletion size with intellectual 

functioning and presence of psychotic symptoms during life. The use of the experimental MLPA 

kit gives extra information on deletion size, only when combined with the common MLPA kit. We 

were able to detect eleven atypical deletions and in two cases the deletion size was shorter than all 

other “typical ones”. We conclude that the use of the experimental kit P324 gives extra 

information about the deletion size, but only when used together with the standard P250 kit. We 

did not found any relation of deletion size with intelligence or presence of psychosis.
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Introduction

22q11.2 deletion syndrome (22q11DS) is one of the most common recurrent copy-number 

variant disorders caused by a microdeletion in chromosome band 22q11.2. Characteristic 

clinical features include palatal and cardiac anomalies, hypo- or aplasia of the thymus, 

hypoplasia of the parathyroid, and typical facial features. The physical appearance is known 

to be highly variable [1–3]. Its prevalence and birth incidence is still under debate. Because 

of the strong variance in phenotype some patients with a deletion are not immediately 

identified or diagnosed at birth. Therefore in the literature differences in birth incidence are 

reported, ranging from 1 in 2000 [4] to 1 in 6000 [5]. Recently Grati et al. [6] reported a 

birth incidence of 1:992 in a cohort of over 9.500 pregnancies, which indicates that reported 

prevalence rates are often underestimations of the incidence during pregnancy. As some of 

the physical abnormalities of 22q11DS are not compatible with life, prevalence rates will be 

lower, but because of the variability of penetrance of the deletion, some patient with a 

deletions will remain undiscovered until adulthood. The microdeletion can be diagnosed 

with e.g. fluorescence in situ hybridization (FISH) [7], multiplex ligation-dependent probe 

amplification (MLPA) [8] or array comparative genomic hybridization (aCGH) analysis [9].

Approximately half of all subjects with 22q11DS have a normal to borderline intelligence 

[10–14] and if an intellectual disability is present, this is usually mild [15]. The presence of 

a profound or severe intellectual disability was thought to be rare. Patients with 22q11DS 

functioning at a moderate to severe intellectual disability level (full scale intelligence (FSIQ) 

< 55) have been described less frequently in the literature and concern mostly case reports 

[16–20] but have recently received more attention [21]. Thus far there has been no evidence 

that the deletion size is related to the symptoms seen in 22q11DS, nor psychopathology or 

intelligence [22], but this conclusion is now under debate [23]. Atypical findings in 

conotruncal heart defects in 22q11DS, are possibly related to atypical deletion sizes [24]. 

The relation between deletion size and intellectual functioning covering the broader 

intellectual range has not yet been investigated in 22q11DS. Deletions in the 22q11DS 

region are described as LCR22-A, LCR22-B, LCR22-C, LCR22-D, LCR22-E, LCR22-F 

and LCR22-G corresponding to the known Low Copy Repeat (LCR) regions that are 

involved in the deletion. The deletions described as typical have a length of 3 Mb and range 

from LCR22-A to LCR22-D [8]. MLPA analysis in 22q11DS is mostly done with the 

standard MLPA kit (P250, MRC-Holland). In the experimental MLPA P324 kit (MRC-

Holland) different probes are used, including 3 Proline Dehydrogenase (PRODH) probes. 

PRODH is responsible for conversion of proline to glutamate and it has been suggested that 

it may be of importance in several psychopathological mechanisms in 22q11DS [25–29]. 

Also, 12 additional T-Box1 (TBX1) probes are included in the P324 kit (the P250 kit has 

only two TBX1 probes) (supplementary on-line material, table 1). TBX1 is one of the most 

important candidate genes at 22q11.2 concerning physical abnormalities in 22q11DS [30, 
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31], but it is also associated with psychiatric features like autism spectrum disorders [32] 

and in mouse models with social interaction problems [33] and autism [34].

We explored whether the research MLPA kit could give additional information about the 

deletion size compared with the standardized MLPA kit. In this study also 22q11DS subjects 

functioning at an intellectual level lower than 55 were included, covering a broader range of 

this syndrome. The aim was to explore a potential relation of deletion size and intelligence, 

and furthermore a potential relationships between deletion size and presence of psychosis 

during life, as a relation between psychosis and intellectual decline has recently been 

described [21].

Method

The study was approved by the Medical Ethics Committee of the University of Maastricht, 

The Netherlands and the Academic Medical Centre, Amsterdam, The Netherlands and is 

part of larger research project in 22q11DS patients.

Study population

Participants were recruited through the Dutch 22q11DS family network, a specialized 

psychiatric 22q11DS outpatient clinic, and through several learning disability centres in The 

Netherlands. Patients with a confirmed deletion at chromosome 22q11.2 (established with 

MLPA P250 kit) were included. Fifty-four out of sixty-three (86%) had the typical deletion 

of 3 Mb length from CLTCL1 to LZTR1 (type A–D deletion). Atypical deletions were: six 

deletions from CTLC1 to DGCR8 (type A–B deletion); two deletions from CTLC1 to 

PCQAP (type A–C deletion); one deletion ranging from CLTCL1 to HIC2 (A–D deletion 

including HIC2) and one A–D deletion with a concomitant distal duplication (from 

SMARCB1 to SNRPD3, F–G duplication). Those aged under 18 years and over the age of 

65 years were excluded. A number of participants gave written consent, and where 

participants were not able to do so, consent was obtained from carers. We included sixty-

four patients with 22q11DS.

FSIQ measurements

Full Scale Intelligence Quotient (FSIQ) scores were obtained in the 22q11DS group using a 

shortened version of the Wechsler Adult Intelligence Scale (WAIS) version III [35]. Patients 

unable to perform a WAIS, were investigated using a Vineland-screener. The outcome of this 

test was converted to a FSIQ rating as described earlier [36].

Psychosis outcome measures

All patients were assessed for life-time presence of a psychotic disorder, based on 

information obtained from medical records and/or the present score on the Mini PAS-ADD, 

(Psychiatric Assessment Schedules for Adults with Developmental Disabilities) [37] or 

MINI (Mini-International Neuropsychiatric Interview) [38].
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Molecular cytogenetics

Multiplex ligation-dependent probe amplification (MLPA) was performed according to the 

manufacturer’s specifications (MRC Holland). To determine the size of the deletion we used 

the P324 22q11 MLPA mix containing primers specific for the CECR1, BCL2L13, BID, 

PEX26, CGT3P, PRODH (3 probes), GSC2, TBX1 (12 probes), GNB1L, COMT (2 probes), 

ARVCF, DGCR8, FLJ42953, RIMBP3C, VPREB1, RAB36, BCR (2 probes), MIF, 

SNRPD3, and SEZ6L genes (supplementary on-line material, table 1).

Statistical analyses

Coffalyser software (MLPA-Holland) was used to analyse and give an interpretation of the 

raw MLPA data [39].

The remaining data were statistical analyzed with Stata version 12.1 [40]. Age and IQ are 

analysed with T-test analysis and displayed in means with 95% confidence interval. The 

relation between deletion type with IQ was done in a simple regression model and the 

relation between deletion type with presence of psychosis during life was investigated with 

Pearson Chi-square analysis.

Results

Participants

Sixty-three participants [34 women (54 %), 29 men (46 %)] with confirmed 22q11DS 

participated in this study. The mean age of participants was 35 years (CI 32–38, SD= 11, 

range 19–59 years). Mean IQ was 51 (CI 44–58, SD=25). Thirty-eight out of 63 patients 

(60%) had a history of psychotic symptoms. Regression analysis of deletion type with IQ 

revealed no significant difference (p = 0.799). Pearson chi-square analysis of the relation of 

deletion type with psychotic problems during life revealed no significant differences (p 

=0.371).

Molecular cytogenetics

MLPA analysis with the P324 kit showed that there were 52 typical deletions (82.5 %) (from 

GGT3P to FLJ42953) and one typical deletion with a concomitant a duplication (Table 1). 

Two patients had a deletion extending from PRODH to FLJ42953. Eight patients (12.6%) 

had a deletion from GGT3P to ARVCF.

Discussion

In this study we included 63 patients with 22q11DS and determined the deletion size with 

the experimental P324 MLPA kit. This reveals extra information about the deletion 

endpoints, especially in the A–B region, but fails to detect subtle differences in the B–C–D 

region. The original A–D deletion is described as a deletion from CLTCL1 to LZTR1, but 

with the P324 kit, probes proximal to the A-region (GSC2, PRODH and GGT3P) and one 

probe distal in the D-region (FLJ42953) were deleted in the majority of 22q11DS patients. 

This suggests that the description of the typical A–D deletion can be extended, including at 

the proximal end GGT3P, PRODH, GSC2, and at the distal end FLJ42953 and that some of 
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the deletions described until now as typical, could be shorter, atypical. Two patients” with 

deletions characterised as “typical deletions” with P250, turned out to be shorter after 

analysis with P324 (from PRODH to FLJ42953) compared with the remaining 52.

12 out of 63 patients (19%) had a different deletion size compared to the typical deletion of 

3 Mb length. A percentage that can be considered normal [23], especial taken into account 

that the use of an alternative MLPA kit delivered 2 extra patients (3%) with atypical deletion. 

The atypical deletions found in this cohort (n=11,) had three different sizes, two extending 

from PRODH to FLJ42953, eight from GGT3P to ARVCF and one duplication (combined 

with the typical A–D deletion). With the P324 kit there was no differentiation of the 

GGT3P-ARVCF deletion, while with the P250 kit six of them were determined as A–B 

deletion and two as A–C deletion. Analysis with the P324 kit did detect a typical A–D 

deletion, which was detected as A–D + HIC2 deletion with the P250 kit. The use of only the 

experimental MLPA-kit did not enable us to delineate deletion sizes more accurately 

compared to the standard MLPA kit. It did however reveal deletions of the GGT3P gene in 

two patients. Therefore, we believe that the use of the experimental kit only has advantages 

if used together with the standard kit. Used together, delineating of the deletion size was 

more precisely in all samples: it revealed two smaller deletions. This confirms the hypothesis 

that the experimental MLPA kit gives extra information about deletion endpoints in 

22q11DS, but only if it is used together with the standard kit. In all samples one of the two 

PRODH and TBX1 probes were deleted.

Statistical analysis between deletion size and IQ and of the deletion size with presence of 

psychotic problems, revealed no significant difference. This suggests that deletion size is not 

related to psychotic problems in 22q11DS nor with intelligence.

This study confirmed that the research MLPA kit gives extra information about deletion size, 

but in our opinion the preferable MLPA mixture, for use in scientific research focusing on 

deletion size, should be a combination of the standard and the experimental kit together. A 

more accurate definition of deletions can give valuable extra information on genotype-

phenotype relations, but larger sample size is needed. High resolution microarray-CGH 

delineates deletion size more accurately and would in the same time give an idea of 

additional imbalances found at other locations in the genome. Therefore it can be seen as 

favourite method in clinical use. However, the combined MLPA kits can be seen as a 

cheaper and faster alternative for CGH-array, which may be more realistic when large 

samples need delineation of deletion size. The sample size in this cohort is too small to draw 

conclusions on the relation of deletion size and intelligence or psychopathology.

Strength and limitations

This is, to the best of our knowledge, the first study using the experimental MLPA P324 kit 

to establish deletion size and compared the results with the standard P250 MLPA kit. 

Although the sample size is relatively large for this specific group, it is still small from a 

methodological point of view. With the inclusion of 22q11DS patients that function at a 

lower intellectual level, we cover a broader range of this syndrome, however, it cannot be 

ruled out that low FSIQ is overrepresented. The use of two different methods to establish 
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intelligence was unavoidable (IQ below 55 cannot be established by Wechsler instruments) 

but is a serious limitation in this study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Combined MLPA results with two Salsa kits (P250 and P324)

Blanc: two copies; X: One copy deleted (hemizygous deletion); +: duplication (three copies present)

*
genes covered by the P250 kit;

#
genes covered by the P324 kit;
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•
suffered from psychotic problems during life
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