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SUMMARY
Aim. The aim of the study was estimation of the rate of deletion 22q11.2 among psychiatric patients and
an attempt at assessment of the degree in which this rate is influenced by coexistence of dismorphic features and congenital defects.
Material and methods. Cytogenetic examination was performed in 255 patients with psychosis. Patients
were divided into two groups: group I composed of 61 patients with psychosis and at least two phenotypic features characteristic of 22q11.2 deletion syndrome (22q11DS), and group II composed of 194 patients with psychosis without phenotypic features of 22q11DS. Banding and fluorescence in situ hybridization (FISH) techniques were applied.
Results. 22q11.2 deletion was found in 3/61 patients of group I (4.9%) and in 3/255 all the psychiatric patients studied (1.2%). This incidence was significantly higher than in the general population (p<0.001). The
frequency of the deletion among psychiatric patients revealing phenotypic features of 22q11DS: 3/61 (4.9%)
(p<0.0001) was even higher. In all cases with the deletion, the phenotype was characteristic of 22q11DS.
Conclusions. Firstly, 22q11.2 deletion was found to be 40 times more common among psychiatric patients than than the general population; sex chromosome aberrations were also significantly more common than in the general population. Secondly, the presence of dysmorphic features and some congenital
defects in psychiatric patients increases the rate of 22q11.2 deletion significantly.
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INTRODUCTION
Epidemiological studies show a considerable contribution of genetic factors in the aetiology of schizophrenia [1, 2], however family and
twin studies [3] did not allow to identify the responsible gene or genes. Chromosome regions
showing linkage with schizophrenia are as follows: 1q21-q22, 5q21-q31, 6p24-q22, 6q16-q25,
8p21-p22, 10p15-p11, 13q14.1-q32, 15q14, 22q1-q22 [4].
Chromosomal aberrations are more common
among the subjects with schizophrenia than in
the general population, sex chromosomal aber-
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rations are also significantly higher. In the past
several years much attention was focused in the
analysis of 22q11.2 region deletion observed
in the 22q11.2 deletion syndromes (22q11DS).
22q11.2 deletion is connected with characteristic clinical features (phenotype). Facial abnormalities, otholaryngological abnormalities, cardiac defects (especially of the conotruncal origin), different degree of thymic and parathyroid
glands hypoplasia, even aplasia are observed.
Speech abnormalities and learning difficulties
are also reported. Mental development is usually borderline low; mild and moderate intellectual disability is rarely observed [6, 7]. In neuroimaging, a small cerebellum, hiperintensities in the
white matter, agenesis of corpus callosum, and
developmental malformations of septum pellucidum are observed. A total decrease of the size
of the brain was stated as well as disturbances in
the brain development which are described as a
disproportion between white and grey matter in
different structures of the brain.
Several genes were localized in the 22q11.2 region. Particular attention was paid to the gene
localized in this region coding catechol-O-methyl transferase (COMT) – the enzyme involved in dopamine degradation pathway.
However association between different alleles of this enzyme and schizophrenia was not
found [9, 10].
The aim of this study was to estimate the frequency of the 22q11.2 deletion among psychiatric patients and to assess the degree in which
this frequency depends on the coexistence of
dysmorphic features or congenital defects.
MATERIAL AND METHODS
Psychiatric Departments all over Poland were
invited to take part in our study but most of the
cases were collected among patients admitted to
the Institute of Psychiatry and Neurology. For
the purpose of proper selection of the patients a
standardised questionnaire, taking into account
the diagnosis of a psychiatric disorder and the
phenotypic features of 22q11.2 syndrome was
used.
Cytogenetic examination was performed in
255 patients with schizophrenia, bipolar disorder, schizoaffective disorder and obsessive

compulsive disorders diagnosed according to
ICD-10. Because of the small number of cases
the last three psychoses were analysed together as “other psychoses”. All patients were divided into two groups. Group I was composed
of 61 patients with psychosis and at least two
phenotypic features characteristic for 22q11.2
DS, while group II was composed of 194 patients with a psychosis but without phenotypic
features of 22q11.2 or with only one phenotypic feature of 22q11.2 DS. Cytogenetic examinations were performed in samples of peripheral
blood lymphocytes. Chromosomes were stained
using routine banding methods (GTG banding
technique was used in all cases, in some cases
BCG and NOR technique were applied ). Lymphocytes were cultured for 72 hours at 37ºC in
complete medium (LymphoGrow) according to
the method of Moorhed at al. [11]. GTG banding
pattern was obtained using tripsin and Giemsa stain (Seabright [12]). To detect or to exclude
22q11.2 deletion fluorescence in situ hybridization (FISH) analysis was used in all the cases.
Two probes specific for 22q11.2 deletion were
used: Tuple 1 and N25 (Cytocell). To control
correctness of hybridization reaction, a control
probe of the subtelomeric region of the q arm of
chromosome 22 was used. Hybrydization was
performed according to the manufacturer’s (Cytocell) procedure. Additional examinations: CT,
EEG, EKG and laryngologic examination were
performed in patients in whom 22q11.2 deletion
was detected .
RESULTS
In group I schizophrenia was diagnosed in 34
patients and other psychoses were diagnosed in
27 individuals. Group II was composed of 194
patients: schizophrenia was diagnosed in 161
patients and other psychoses were diagnosed
in 33 of them. The most frequent abnormalities observed in group I were: dysmorphic face,
otolaryngological anomalies, impairment of individual development such as mental and learning
disabilities. Among patients with dysmorphia of
the face, the most frequently observed features
were: long narrow face – 32 cases, characteristic
nose – 28 cases, small mouth – 21 cases. Among
patients with otolaryngological anomalies in 24
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nasalized speech was recorded. 15 patients had
learning disabilities. Several other phenotypic
features were diagnosed in some of the patients.
Congenital heart disease was found only in two
cases. Data about immunodeficiency or hypoplastic thymus during neonatology were very
infrequently available neither were other abnormalities, such as those involving brain or kidney.
Early onset of schizopherenia (first episode before the age of 15) was observed in 12 cases of
group I and in 7 cases of group II (Tab. 1).
The results of cytogenetic examinations of the
two groups of patients are presented in Table
1. 22q11.2 deletion was found in 3 of the 61 patients in group I (4.9%); schizophrenia was diagnosed in 2 of the patients with the deletion and
depression in one of them. (Tab. 1, Fig.1, next
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page). Frequency of the 22q11.2 deletion among
patients with schizophrenia and phenotypic features characteristics of 22q11.2 DS was 2 out of
34 (5.9%). Frequency of 22q11.2 deletion in the
general population was estimated as 0.025% [13].
Therefore the observed frequency of 22q11.2 deletion in group I was significantly higher as compared to the general population (p<0.0001) (Tab.
1). Frequency of the deletion in all the studied
groups was 3 of 255 (1.2%). This is also significantly higher then in the general population
(p<0.0001) (Tab.1). Several phenotypic features
characteristic of the 22q11.2 deletion were diagnosed in each patient with the deletion. More
details concerning particular cases are presented below. Karyotypes of parents were normal in

Table 1. Results of cytogenetic examinations and the incidence of chromosomal aberrations in 225 patients with schizophrenia
or other psychiatric disorders including division to the groups taking into account the age of onset of psychiatric disease++

Number
of cases

Age of onset
≤15 years++

Type
of chromosomal
aberrations

Number
of chromosomal
aberrations
(incidence)

Schizophrenia

34

7

del 22q11.2
t (2;10) (q10;q10)

2 (5,9%)**
1 (2.9%)

Other psychoses

27

5

del 22q11.2

1 (3,7%)**

Total

61

12 (19.7%)

del 22q11.2
other chromosomal
aberrations

3 (4,9%)**
1 (2.5%)

del 22q11.2
47,XYY
47,XXX[3]/46XX[17]
47,XXY[16]/46,XY[14]

0
1
1
1

Type
of psychosis

Group

Group II

Groups
I& II Total

4

Schizophrenia

161

Other psychoses

33

3

del22q11.2

0

Total

194

7 (3.6%)

del 22q11.2
other aberrations

0
3 (1.5%)*

255

19 (7.5%)

del 22q11.2
3 (1.2%)*
other chromosomal ab4 (1.6%)*
errations

General
population
(Wilson et al..
1994)

(0.025%)

+ in all cases examination was performed using the FISH technique with application of a probe specific to the 22q11.2 region
++ in patients of age in this range, neither del 22q11.2 syndrome nor any other chromosomal aberration were found
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Fig. 1. 22q11.2 deletion. Examination performed in patent 1 using the FISH technique. Red signal – probe N25 specific to
the 22q11.2 region. Green signal – control
probe (in the q arm of chromosome 22).
The arrow indicates the place of 22q11.2
deletion (lack of red signal)
all cases of 22q11.2 deletion; no psychiatric disorders in the patients families were observed.
In the other 58 patients of group I, one case
of balanced reciprocal translocation t(2;10)
(q10;q10) was found; It was not possible to determine whether the translocation was a familiar or a de novo one.
Cases of 22q11.2 deletion were not found among
194 patients of group II, (Tab.1), however three cases of sex chromosome abnormalities were detected: one case of 47,XYY, one case of 47,XXX and one
case of 47,XXY ( Klinefelter Syndrome). (Tab. 1) In
the latter two cases of these chromosomal aberrations, mosaic karyotypes were found.
Case 1
A 16 year old boy, delivered at term after normal pregnancy and labour at 10 Apgar points.
In the neonatal period, tremor of the limbs was
observed. He also had a flatovalgus feet. His
psychomotor development was delayed: started to walk at the age of 1 and half and talk at
3. He was diagnosed as a case of speech disorder. At the age of 14 the psychological evaluation
proved the normal mental development with intelligence at the average level. EEG, ECG and
Cardiac-echo were normal. Brain CT revealed cavum of septi pellucidi and mild enlargement of
the fluid space over the frontal lobes. Abdominal

CT proved the absence of a left kidney. Laryngological evaluation revealed significant deviation
of the nasal septum. First symptoms of schizophrenia were noted at the age of 16 years.
Case 2
38 year old male. Delivered at term after normal pregnancy and labour at 9 Apgar points. At
birth his weight was 2790g and length 54 cm.
He was born with flatovalgus feet. Speech development was delayed. The learning difficulties
were noted at secondary school. Laryngological
evaluation revealed high-arched palate without
a cleft. He also demonstrated nasal speech. Brain
CT showed enlargement of the fluid space over
the frontal and temporal lobes and over the cerebellum. Dilatation and dislocation of the ventricular system were not detected but cavum
septum pellucidum was present.
Brain NMR revealed enlargement of the fluid
space over the frontal and temporal lobes and
over the cerebellum, insignificant dilatation of
the ventricular system without dislocation and
also cavum septum pellucidum-cavum Vergae
X-rays showed no abnormalities in the chest.
Abdominal USG and mediastinum CT were also
normal. ECG and Cardiac-echo were within the
normal limits. First symptoms of schizophrenia
appeared at the age of 17.
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Case 3
26 years old male. Delivered at term after normal pregnancy and labour at 10 Apgar points. In
the neonatal period feeding difficulties were observed. In childhood delayed psychomotor development and speech disorders were detected.
The learning difficulties were noted in primary school.
Laryngological evaluation revealed a higharched palate. EEG was normal. Brain CT
showed non-specific focus in the left frontal lobe.
At the age of 20 psychiatric symptoms of depression were first observed.
Teeth enamel dysplasia and malocclusion
were observed. In Doppler sonography vascular changes were detected.
DISCUSSION
It is difficult to establish the frequency of
22q11.2 deletion in subjects with psychiatric disorders. Wilson et al. [13] reported that the frequency of this chromosomal aberration in general population is 1 for 4000 births (0.025%), while
Botto et al. [14] found that it was less frequent –
1 in 5950 (0.017). It can be therefore estimated to
be in the range 1 for 4000 to 1 in 6000. This aberration appears to be considerably frequent in
subjects with schizophrenia. However, the estimated data obtained by various authors are different. Using the FISH technique in cytogenetic
examinations Chow at al. [15] found 22q11.2 deletion in 2% of the cases; Karayiorgou et al. [16]
in 4% and Arinami et al. [17] in 0.33%. Data of the
present work are similar to those of Karayiogou
et al. [16] because deletion was found in 2 of 195
(1%) subjects with schizophrenia. Frequency of
the 22q11.2 deletion is then significantly higher as
compared with general population (40 fold higher – p<0.0010). In group I, deletion was found in
3 of the 61 (4.9%) patients while in patients with
schizophrenia with existing phenotypic features
of 22q11.2 DS deletion was even more frequent
– 2 of 34 (5.9%). Deletion was observed in 2 (1%)
subjects of 195 our patients with schizophrenia.
In the general population, frequency of schizophrenia is also estimated as 1%. Therefore it may
be estimated that 22q11.2 deletion as the cause of
schizophrenia occurs in general population with
a frequency 1 in 10 000 (0.001).
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Most of the data indicate that 22q11.2 deletion
is associated with psychiatric diseases of an early onset, but in the study of Ivanow et al. [18] the
deletion was not found in any of the 129 subjects
with onset of psychiatric disease below the age
of 18. Similarly, in this study deletion was not
found in 19 subjects with early onset of psychiatric disease (age ≤ 15).
It is possible that these differences are caused by
the different criteria of patient selection. Therefore
the comparison of our data with data presented
by other authors is difficult. It can be concluded
that the present knowledge of 22q11.2 DS syndrome epidemiology is insufficient and that the
study should be continued. Our observation that
the deletion was more frequent among psychiatric patients who were revealing phenotypic features characteristic for 22q11.2 DS also show differences as compared with other authors results.;
Gothelf and Lombroso [9] found the deletion in
20% of such cases and Basset et al. [19] found it
even in 60% of them. Taking into account our results it seems that their data are to high probably
because of a selection error. In this paper, similarly to Basset et al., a questionnaire concerning dysmorphic features was used , but it was created in
a way which increased the probability of deletion
detection. The most frequent of them is a characteristic face dysmorphy. In our practice the connection of dysmorphic face and otolaryngological
anomalies with schizophrenia caused that our patients were sent to the hospital to look for 22q11.2
deletion and in this group, three cases of deletion
were found. Higher frequency of 22q11.2 deletion observed in subjects with psychiatric diseases, particularly with schizophrenia give hope for
the identification of a distinct subtype of schizophrenia. However up to now distinct differences in clinical descriptions between schizophrenia
patients with deletion or without deletion were
not found [20].
It should be added that among patients with
psychosis other chromosomal aberrations were
observed quite often, first of all sex chromosomal aberrations [5]. Kumra et al. [21] found
Klinefelter syndrome in 10% of the patients with
psychosis and Nicolson et al. [22] found Turner syndrome in 2% of the diagnosed subjects. In
our material, the frequency of sex chromosomal
aberrations was also significantly higher than it
was in the general population; we found it in 3
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of the 255 patients (1.2%) (Tab. 1) In the general
population, sex chromosomal aberrations are at
least 10 fold more rare.

10. Rybakowski JK, Borkowska A, Czerski M, Hauser J. Eye
movement disturbances in schizophrenia and polymorphism of catechol-O-methyltransferase gene. Psych Res.
2002; 113: 49–57.

CONCLUSIONS

11. Moorhead PS, Norwell PC, Melman WJ, Battisp DM and
Hungerford DA. Chromosome preparation of leucocytes cultured from human peripheral blood. Exp. Cell Res. 1960; 20:
613–615.

1. 22q11.2 deletion is more frequent in subjects with psychiatric disease than in the general population. In our group of subjects sex chromosome aberrations were also more frequently found: 40 and 10 times more frequently respectively.
2. In the presence of phenotypic features of the
22q11.2 deletion syndrome in patients with psychiatric diseases, the frequency of the 22q11.2
deletion was high – it could be an indication to
cytogenetic analysis using the FISH technique.
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