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Thrombocytopenia in patients with 22q11.2 deletion
syndrome and its association with glycoprotein l1b-
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Osamu Yamada, MD?, Kazumasa Iwai, MD’, Masahiko Ando, MD?, Kunitaka Joh-o, MD®, Kenji Kuroe, MD’,
Akira Ohtake, MD®, Atsuyoshi Takao, MD?, Kazuo Momma, MD?, and Rumiko Matsuoka, MD, PhD>’°

Purpose: To elucidate whether thrombocytopenia in 22911.2 deletion syndrome patients is associated with the
hemizygosity of glycoprotein Ib-8 and to clarify the correlation of phenotype and genotype of this gene in 22q11.2
deletion syndrome patients with thrombocytopenia. Methods: Platelet number, mean platelet volume, platelet

agglutination, and the protein level of glycoprotein Ib-3 were measured in 22g11.2 deletion syndrome patients and

controls. Phenotypes other than that of thrombocytopenia were also analyzed in these patients. Results: The

22011.2 deletion syndrome patients with thrombocytopenia had a larger mean platelet volume, lower agglutination

to ristocetin, and lower protein level of glycoprotein Ib-B than control patients. The 22g11.2 deletion syndrome

patients with thrombocytopenia showed an increased risk of developing schizophrenia. Conclusions: Thrombocy-

topenia in 22g11.2 deletion syndrome patients is associated with decreased expression of glycoprotein Ib-3

because of the hemizygosity. 22q11.2 deletion syndrome patients with thrombocytopenia require total manage-
ment, especially for schizophrenia. Genet Med 2003:5(2):113-119.
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The 22q11.2 deletion syndrome is the most common mi-
crodeletion syndrome, occurring with a frequency of 1/4000 in
Europe! and 1/5000 in Japan, as estimated from previous re-
ports.2 The terminology for this condition is confusing as a
number of other names have been used to describe this pattern
of malformation, including DiGeorge syndrome,** conotrun-
cal anomaly face syndrome (CAFS),>7 and velocardiofacial
syndrome (VCES).8-10 Patients with 22q11.2 deletion syn-
drome show a wide spectrum of anomalies, among which are
typical faces (short palpebral fissures, puffy eyelids, a low nasal
bridge, small mouth, and minor ear anomalies), velopharyn-
geal insufficiency with or without an overt cleft, thymic abnor-
malities, hypocalcemia, mental retardation, and scoliosis.!!~!3
Conotruncal cardiac anomalies are common and include te-
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tralogy of Fallot with or without pulmonary atresia, interrup-
tion of the aortic arch, truncus arteriosus communis, and as-
sociated cardiovascular anomalies, including aortic arch
anomalies.!'~!3 In our previous studies, a significant number of
affected individuals appeared to have thrombocytopenia
and/or schizophrenia.!!

To date, an analysis of the deleted region of chromosome
22q11.2, elucidating more than 30 genes in this region, has
been reported. However, association of these genes with the
cause of this syndrome is not yet clearly understood. Glycop-
rotein Ib-B (GPIb-B) (of which the transcript is a subunit of
GPIb, a major component of the platelet membrane receptor
for von Willebrand factor, designated GPIb-IX-V complex),
has been located in the deleted region.!*-'¢ Homozygous mu-
tation of GPIb-B causes Bernard-Soulier syndrome (BSS), a
rare congenital bleeding disorder with autosomal recessive in-
heritance.!” BSS is characterized by prolonged bleeding time,
thrombocytopenia with morphologically enlarged platelets,
and an isolated defect in ristocetin-induced agglutination. Pa-
tients with BSS usually show bleeding tendencies from early
childhood. This syndrome is genetically heterogeneous and
can also be caused by mutations of GPIb-a and GPIX. These
genes are located on chromosome 17pter-p12'% and on chro-
mosome 3,'° respectively.

It is not known whether the thrombocytopenia in the
22q11.2 deletion syndrome is associated with hemizygosity of
GPIb-B or congenital heart disease. We explored this issue by
comparing various examinations of platelet structure and
function among a group of 22q11.2 deletion syndrome pa-
tients with cardiac defects and a control population without

113



Kato et al.

the deletion but matched for cardiac abnormalities. The status
of GPIb-P3 was determined in a subset of patients using fluo-
rescence in situ hybridization (FISH), sequencing, and West-
ern blot analysis to quantitate protein levels. Furthermore, we
clarified the correlation between the phenotype and genotype
of this gene in 22ql1.2 deletion syndrome patients with
thrombocytopenia.

PATIENTS AND METHODS

Clinical characteristics

Among patients who visited our institution for evaluation of
cardiac disease between April 1994 and March 2000, we stud-
ied 99 patients with 22q11.2 deletion syndrome (del+) and
124 control patients with similar conotruncal heart anomalies
but without the deletion (del—). All 99 del+ patients had
conotruncal anomaly face, which is the typical phenotype of
22q11.2 deletion syndrome, and 97 of them had cardiovascular
disease. The presence of the syndrome was confirmed by FISH
analysis with the N25 probe (Fig. 1b). All 223 patients gave
informed consent for enrollment in our study. The study was
approved by the internal ethics committee of Tokyo Women’s
Medical University. The characteristics of the patients are
shown in Table 1. Patients with schizophrenia were diagnosed
by psychiatrists according to the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-1V).20 Pa-
tients with decreased platelets (<150 X 10°/L) were consid-
ered to have thrombocytopenia (del+: 38 patients, del—: 25
patients).

Examination of bleeding time, platelet volume, and platelet
function

Twelve of the 38 del+ patients and 5 of the 25 del — patients
with thrombocytopenia who gave informed consent were ex-

Table 1
Patient characteristics
Del+ Del—

No. of cases 99 124
Age 14.6 = 8.8 12.7 = 8.6 (NS)
Sex

Male 40 70

Female 59 54
Hemoglobin (g/dL) 13.6 2.2 13.8 = 2.1 (NS)
Cardiovascular anomalies

Tetralogy of Fallot 39 69

Tetralogy of Fallot with MAPCA 36 26

Interruption of the aortic arch 3 11

Truncus arteriosus communis 3 18

Other anomalies 16 0

No anomalies 2 0

MAPCA, major aorticopulmonary collateral arteries.

amined with Ivy’s bleeding time, mean platelet volume (MPV)
and platelet agglutination induced by ADP (2.0, 4.0, 8.0 uM),
collagen (0.5, 1.0, 5.0 wg/mL), arachidonic acid (280, 420, 1090
M), and ristocetin (0.5, 1.0, 1.2, 1.42 mg/mL). The results of
the platelet agglutination were obtained by percent aggrega-
tion according to Kunishima et al.>! When it lasted more than
9 minutes, bleeding time was considered to be prolonged.

FISH analysis

Human metaphase chromosome slides were prepared from
Epstein-Barr virus—transformed lymphoblastoid cell lines or
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Fig. 1

a: Markers in chromosome 22q11.2. N72H9 (D22S181), scl1.1a, N25DGCR (D22S75), C443 (D22S941), sc4.1 (D22S134), sc11.1b (D22S139), N19B3 (D22S264), N122B5

(D228934), and N77F7(D22S939) are probes for FISH."" The location of GPIb- is also indicated. b: The type of deletion in chromosome 22q11.2. The type of deletion was classified
according to telomeric deletion breakpoints. Bars with open ellipses indicate the deleted region in each type. Open ellipses are aligned with the loci on the bar with closed ellipses, which
illustrates the chromosome schematically. The location of GPIb-f is indicated with an arrow.
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peripheral blood by standard methods.?>2* FISH analysis was
then performed to determine the deletion size in the 99 del+
patients, using the same probes as previously described (Fig. 1,
aandb).!! According to the telomeric deletion breakpoints, we
classified the deletion type as shown in Figure 1b.!' We also
determined whether the 38 del+ patients with thrombocyto-
penia were hemizygous for GPIb-3 by FISH analysis using a
plasmid which contained normal GPIb- 3 as the probe. At least
20 metaphases from each patient were analyzed.

Sequence analysis

In the 38 del+ patients with thrombocytopenia, the GPIb-3
gene in the remaining allele was sequenced. Genomic DNA
samples were extracted from Epstein-Barr virus—transformed
lymphoblastoid cell lines. Polymerase chain reaction (PCR)
primers were designed as follows to amplify the GATA-bind-
ing site and all the exons of GPIb- 3 on the basis of the genomic
sequence reported by Yagi et al.'> (GenBank accession number
AF006988): GPIbB-F3: 5-GAA TGC CGC GTC CTG TCC
TGG TGA-3" and GPIb-B-R3: 5'-AGG TGG GGT GGG TCT
GAG AGA TTG G-3'. The DNA fragment was amplified by
PCR followed by sequence analysis with a Thermo Sequence
Sequencing Kit (Amersham Pharmacia, Buckinghamshire,
England) and A.L.F. DNA Sequencer II (Amersham
Pharmacia).

Western blotting

Platelets from 12 del+ patients and 5 del— patients with
thrombocytopenia were prepared and solubilized as described
previously.>* The lysates were subjected to sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE). Increas-
ing amounts of platelet lysates from normal individuals with-
outadeletion in chromosome 22q11.2, cardiovascular disease,
or thrombocytopenia were also subjected to SDS-PAGE. After
blocking, the nitrocellulose membrane (Schleicher & Schuell,
Keene, NH) was incubated with goat polyclonal antibody to
human platelet GPIb-B8 (Santa Cruz Biotechnology, Santa
Cruz, CA) and then incubated with a horseradish peroxidase—
conjugated donkey antibody to goat IgG (Santa Cruz Biotech-
nology). As control, we also performed Western blotting for
platelet factor 4 (PF4), a protein packaged in « granules of
platelets. Rabbit polyclonal antibody to human PF4 (Chemi-
con, Temecula, CA) and a horseradish peroxidase—conjugated
goat antibody to rabbit IgG (IBL, Fujioka, Japan) were used as
the primary and the secondary antibody, respectively. The
membrane was treated with ECL plus (Amersham Pharmacia)
and then was analyzed quantitatively using the public domain
NIH image program. The intensity of the hybridization signal
was adjusted according to the PF4 intensity of each lane.

Statistics

Dichotomous variables were compared using the Fisher ex-
act probability test. The Mann-Whitney U test was used to
compare two mean values of variables. Data are shown as mean
%+ SD. The level of significance was set at 0.05.
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RESULTS

Clinical characteristics

Thirty-eight del+ patients and 25 del— patients showed
thrombocytopenia (Fig. 2). Del+ patients were at a signifi-
cantly increased risk of thrombocytopenia compared with
del— patients [relative risk (RR) = 1.90, 95% confidence in-
terval (CI) = 1.24-2.93, P < 0.05, Table 2]. Age did not differ
significantly between the del+ patients with thrombocytope-
nia and the del— patients with thrombocytopenia [19.7 = 8.5
vs. 20.4 £ 8.8, not significant (NS)]. One del+ patient with
thrombocytopenia was diagnosed with idiopathic thrombocy-
topenic purpura. Fourteen del+ patients with thrombocyto-
penia and 12 del— patients with thrombocytopenia did not
receive surgical repair for their cardiovascular anomalies be-
cause they were inoperable cases or palliative operation cases
(37% vs. 48%, NS). Four del+ patients with thrombocytope-
nia and 2 del — patients with thrombocytopenia had heart fail-
ure (11% vs. 8%, NS). Three del+ patients with thrombocyto-
penia and 7 del— patients with thrombocytopenia had
infectious disease (8% vs. 28%, P < 0.05). Four of the 38 del+
patients with thrombocytopenia showed mild bleeding ten-

Thrombocytopenia (+) Schizophrenia(+)
N=38 N=10
(Res
Thrombocytopenia (-) Schizophrenia(-)
N=61 N=89
Thrombocytopenia (+) Schizophrenia(+)
N=25 N=0
el (—)
N=124
Thrombocytopenia (-) Schizophrenia(-)
N=99 N=124

Fig. 2 Clinical characteristics of the patients. The number of patients classified by the
existence of thrombocytopenia or schizophrenia is shown in this figure.

Table 2
Evaluation of deletion in chromosome 22q11.2 as a risk factor for
thrombocytopenia

Thrombocytopenia

With Without Total
Del+ 38 (38%) 61 (62%) 99 (100%)
Del— 25 (20%) 99 (80%) 124 (100%)
Total 63 160 223

RR = 1.90, 95% CI: 1.24-2.93; x* = 9.02 (P < 0.05).

115



Kato et al.

Table 3

Clinical characteristics of del+ patients with schizophrenia

Age at onset of Age at detection of

Cardiovascular No. of platelets schizophrenia thrombocytopenia
Patient No. Sex disease (X10%/L) (yr) (yr) Type of deletion
1 Female TOF 30 20 20 Al
2 Male TOF 50 14 9 Al
3 Female TOF 100 21 17 Al
4 Female VSD 103 24 17 Al
5 Male Normal 113 32 34 Al
6 Female RAA 130 20 19 Al
7 Female VSD 131 20 23 Al
8 Female TOF, MAPCA 135 28 23 A2
9 Male TOF 178 32 — Al
10 Female Normal 187 20 — Al

TOF, tetralogy of Fallot; VSD, ventricular septal defect; RAA, right aortic arch; MAPCA, major aorticopulmonary collateral arteries.

dencies. Their symptoms included paranasal sinus hematoma,
hemarthrosis induced by minor trauma, and epistaxis.

Ten of the 99 del+ patients had schizophrenia (Fig. 2). The
clinical characteristics of these 10 patients are described in Ta-
ble 3. Of interest, 8 of these 10 patients had thrombocytopenia
and the 2 other patients had mild thrombocytopenia (Patients
9 and 10 had platelet numbers of 178 X 10°/L and 187 X 10°/L,
respectively). The thrombocytopenia was not drug-induced in
these 10 patients. Eight of them were reported previously.?
The mean age at onset of the schizophrenia was 23.1 = 5.9
years. In 5 of the 8 del+ patients with thrombocytopenia and
schizophrenia, the thrombocytopenia appeared earlier than
the schizophrenia. Patients 1, 5, and 7 did not have a blood
examination around the onset of the schizophrenia, so we
could not determine whether it was preceded by thrombocy-
topenia in these three patients. Del+ patients with thrombo-
cytopenia showed a significantly increased risk of developing
schizophrenia compared with del+ patients without throm-
bocytopenia (RR = 6.42, 95% CI = 1.44-28.66, P < 0.05,
Table 4). Two patients with schizophrenia had no cardiovas-
cular anomalies. In del— patients, only one female patient had
a conversion disorder and her age at onset was 25 years. She

Table 4
Evaluation of thrombocytopenia as a risk factor for developing
schizophrenia in patients with deletion 22q11.2 syndrome

Schizophrenia

With Without Total
With thrombocytopenia 8 30 38
Without thrombocytopenia 2 59 61
Total 10 89 99

RR = 6.42, 95% CI: 1.44-28.66; x> = 8.15 (P < 0.05).
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had truncus arteriosus communis and did not have
thrombocytopenia.

Examination of bleeding time, platelet volume, and platelet
function

In 12 of the 38 del+ patients and 5 of the 25 del— patients
with thrombocytopenia, Ivy’s bleeding time was measured and
platelets obtained from these 17 patients were subjected to
analysis of platelet volume and platelet function. Six of the 12
del+ patients and 1 of the 5 del— patients had prolonged
bleeding time of more than 9 minutes (50% vs. 20%, NS).
MPV was greater in the del+ patients than in the del — patients
(10.2 £ 0.5 fL vs. 9.3 = 0.3 fL, P < 0.05). No patient had
defective platelet agglutination to ristocetin as seen in BSS pa-
tients. However, the del+ patients showed a lower percent
agglutination to 1.0 mg/mL of ristocetin than the del— patients
(14.1 = 25.3% vs. 54.4 = 40.1%, P < 0.05). The del+ patients
showed a higher percent agglutination to 0.5 ug/mL of colla-
gen than the del— patients (62.8 * 28.1% vs. 28.6 = 33.4%, P
< 0.05, Table 5). Platelet agglutination induced by ADP and
arachidonic acid did not show a significant difference between
the del+ and del— patients (data not shown).

FISH analysis

We determined the deletion size of chromosome 22q11.2 in
the 99 del+ patients (Fig. 3). Among the 38 del+ patients with
thrombocytopenia, 34 patients (89%) had a distal breakpoint
(type A), 2 (5%) had an intermediate breakpoint (type B), and
2 (5%) had a proximal breakpoint (type C). The region which
encodes GPIb-B was included in the deleted region in these
patients. Ten patients with schizophrenia had a distal break-
point (type A). Nine of these patients had a type Al deletion
and the other patient had a type A2 deletion (Table 3, Fig. 3).

In the 38 del+ patients with thrombocytopenia, we per-
formed FISH analysis using a plasmid containing GPIb-

Genetics IN Medicine
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Table 5

Examinations of bleeding time, platelet volume, and platelet function

Prolonged bleeding time Mean platelet

Agglutination to Agglutination to

(<9 min) volume (fL) 1.0 mg/dL of ristocetin (%) 0.5 ug/mL of collagen (%)
Del+ 6/12 (50%) 10.2 £ 0.5* 14.1 £ 25.3* 62.8 = 28.1*
Del— 1/5 (20 %) 9.3 = 0.3* 54.4 = 40.1* 28.6 = 33.4*
* P <0.05.
4— —>
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Fig. 3 Type of deletion in the 22q11.2 deletion syndrome patients. Bars with open
ellipses indicate the deleted region. Open ellipses are aligned with the loci on the bar with
closed ellipses, which indicates the chromosome schematically. Numbers of del + patients
(n =99), del+ patients with thrombocytopenia (n = 38), and del+ patients with schizo-
phrenia (n = 10) for each type of deletion are shown. The location of GPIb-f is indicated.
The potential involvement of COMT,?>* PRODH,?> and CDCrel-1 in psychotic disorders
has been suggested, so the location of these genes is also shown.

BcDNA as the probe. All these patients had hemizygosity for
GPIb-B (Fig. 4).

Sequence analysis

After we determined that the 38 del+ patients with throm-
bocytopenia had hemizygosity for GPIb-f3, we sequenced the
GPIb-B gene in the homologous allele in these patients. Our
sequence analysis covered all the exons and the GATA-binding
site of GPIb-B. No mutation was found in GPIb-£ in the ho-
mologous allele of these patients.

Western blotting

We quantified the protein levels of GPIb- 8 in the platelets of
12 of the 38 del+ patients with thrombocytopenia and 5 of the
25 del— patients with thrombocytopenia who were analyzed
by Ivy’s bleeding time, MPV, and platelet function. As control,
the protein levels of PF4 in the platelets of the same patients
were quantified (Fig. 5). The protein levels of GPIb-f in the
del+ patients was about half of that in del— patients.

DISCUSSION

Our results revealed that 22q11.2 deletion syndrome pa-
tients tended to show thrombocytopenia and enlarged plate-
lets and slightly decreased platelet agglutination to ristocetin.
Prolonged bleeding time was also more frequently seen in del+
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Fig. 4 A metaphase spread from a patient with 22q11.2 deletion syndrome, showing
FISH mapping of the control probe to 22q13.3 (red arrow) and plasmid including GPIb-3
to 22q11.2 (green arrow). On the normal chromosome, a green signal (green arrow) can
be seen at 22q11.2 and a red signal (red arrow) can be seen at 22q13.3. On the deleted
chromatic chromosome, only a red signal (red arrow) can be seen at 22q13.3.

5ug
2rg 5pg 8ug Del(-) Del(+)
25kDa — GP Ib- 8
Del(-) Del(+)
7.8kDa — PF4

Fig.5 Western blotting analysis of GPIb-B and PF4 from the platelets of del + and del—
patients. The molecular weight of GPIb-B and PF4 was 25 kD and 7.8 kD, respectively.
Top: Platelet lysates (5 pg) from del+ and del— patients were subjected to SDS-PAGE,
transferred to a nitrocellulose membrane, and probed with antibody to human platelet
GPIb-B. Increasing amounts (2 pg, 5 ng, and 8 ug) of platelet lysates from a normal
control were also subjected to Western blotting analysis. Bottom: Platelet lysates (0.5 ug)
from del+ and del— patients were also subjected to Western blotting analysis using
antibody to human PF4. The intensity of the hybridization signal of GPIb- was adjusted
according to the intensity of the PF4 signal.
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patients than in del— patients. Van Geet et al.2¢ reported that
patients with 22q11.2 deletion syndrome had an increase in
platelet size and a mild decrease in platelet number. However,
their results did not show whether thrombocytopenia in
22q11.2 deletion syndrome was due to hemizygosity of GPIb-£
or conotruncal heart anomalies. It has been reported that pa-
tients with congenital heart disease sometimes show thrombo-
cytopenia.?” There is an inverse relationship between platelet
number and hemoglobin in patients with congenital heart dis-
ease.?’” However, our results showed no significant difference
in hemoglobin between the del+ and del— patients (Table 1).
In addition, clinical episodes which can affect platelet number,
such as heart failure, were not significantly different between
the del+ and del — patients with thrombocytopenia. Infectious
disease, which can cause thrombocytopenia, was more com-
mon in the del— patients with thrombocytopenia than in the
del+ patients with thrombocytopenia. These results suggest
that the greater frequency of thrombocytopenia in 22q11.2 de-
letion syndrome patients than in del— patients with a similar
conotruncal heart anomaly is not due to a conotruncal heart
anomaly.

The platelet membrane GPIb-IX-V complex acts as a recep-
tor on the platelet surface for binding von Willebrand factor
and plays a major role in primary hemostasis. This complex is
composed of four kinds of subunits: GPIb-«, GPIb-8, GPIX,
and GPV. Homozygous mutation of the GPIb-«, GPIb-3, or
GPIX subunits results in BSS, characterized by moderate to
severe thrombocytopenia, giant platelets, and defective platelet
agglutination to ristocetin.!” GPIb-B was mapped to chromo-
some 22q11.2.'4-'6 Among reported cases of mutation in
GPIb-B, patients with associated 22q11.2 deletion syndrome
were reported.'+28:2° Budarfet al.!* reported a BSS patient with
22q11.2 deletion syndrome. This patient was a compound het-
erozygote with the deletion of one allele of GPIb-3 and a mu-
tation in a GATA-binding site of GPIb-£ in the remaining al-
lele.?s Kenny et al.?® reported a single nucleotide deletion
which leads to premature truncation of GPIb-f by a transla-
tional frameshift.

In the 38 del+ patients with thrombocytopenia, we con-
firmed hemizygosity for GPIb-£3 by FISH analysis. We also se-
quenced their GPIb-f3, including a GATA-binding site in the
homologous allele, and no mutation was detected. In 12 del+
patients with thrombocytopenia and 5 del— patients with
thrombocytopenia, we quantified the protein levels of GPIb-
by Western blotting. In the 12 del+ patients with thrombocy-
topenia, the protein levels of GPIb-3 were not defective but
reduced. The laboratory data showed that 38% of the 22q11.2
deletion syndrome patients had thrombocytopenia (Table 2),
and in the del+ patients with thrombocytopenia, a signifi-
cantly greater MPV and a lower agglutination to ristocetin than
in del— patients with thrombocytopenia were detected (Table
5). However, a patient with a homozygous mutation for the
GPIb-1X-V complex who does not carry a phenotype of BSS,
such as thrombocytopenia, has been reported.?° Therefore, we
believe that hemizygosity for GPIb-3 may not show full pen-
etrance. The degree of thrombocytopenia may also be influ-
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enced by another mechanism besides reduced levels of
GPIb-p. In this study, examinations concerning platelet phe-
notype were performed to the extent of the patient’s informed
consent. Our results of genetic analysis for GPIb-B and labo-
ratory data suggest that the characteristics of 22q11.2 deletion
syndrome patients are associated with a reduced level of
GPIb-B. The 22q11.2 deletion syndrome should be considered
as a differential diagnosis of thrombocytopenia.

Previous studies have suggested that patients with 22q11.2
deletion syndrome were at an increased risk for developing a
psychotic disorder.!1-13:2431-33 Pulver et al.32 reported that the
prevalence of schizophrenia among their CAFS/VCES patients
was 29%, which was much higher than in the general popula-
tion (1%). Bassett et al.?* reported that 5 of 10 adults with
schizophrenia or schizoaffective disorder who had 22q11.2 de-
letion syndrome showed either mild thrombocytopenia or re-
current epistaxis. In our study, the del+ patients with throm-
bocytopenia were at increased risk of developing
schizophrenia. In these patients, the onset of schizophrenia
was observed during adulthood (23.1 = 5.9 years) and it
tended to be preceded by thrombocytopenia. Loebel et al.>*
suggested that the duration of psychotic symptoms before
treatment significantly affects the prognosis of schizophrenic
patients. Therefore, early intervention is important for 22q11.2
deletion syndrome patients with schizophrenia and the pres-
ence of thrombocytopenia in such patients may be helpful for
early recognition of impending schizophrenia.

The deleted region in chromosome 22q11.2 contains candi-
date genes for schizophrenia, including catechol-O-methyl-
transferase (COMT) and proline dehydrogenase (PRODH)
(Fig. 3), but the association of these genes with schizophrenia
has not been proven.?>3¢ In our classification, the Al type but
not the A2 type of the deleted region includes PRODH. How-
ever, patients with schizophrenia were seen in both A1 and A2
types. To analyze whether COMT and PRODH play a role in
inducing schizophrenia, further investigation is needed. In ad-
dition, CDCrel-1 is located adjacent to the locus of GPIb-8
(Fig. 3) and its isoforms include a readthrough transcript con-
taining the GPIb-B coding region.?”* CDCrel-1 has been re-
ported to be associated with synaptic vesicles and the inhibi-
tion of exocytosis by means of binding to syntaxin.>* Whether
CDCerel-1 is involved in the pathogenesis of schizophrenia also
requires further investigation.

In conclusion, del + patients were at a significantly increased
risk for thrombocytopenia compared with del — patients. Our
results suggest that their phenotype, such as giant platelets,
thrombocytopenia and slightly impaired platelet agglutination
to ristocetin, is associated with the reduced level of GPIb-f3
protein due to the hemizygosity. The 22q11.2 deletion syn-
drome should be considered as a cause of thrombocytopenia.
Del+ patients with thrombocytopenia were at a significantly
increased risk for developing schizophrenia compared with
del+ patients without thrombocytopenia. When 22q11.2 de-
letion syndrome patients show thrombocytopenia, total man-
agement is needed, especially for those with increased risk of
developing schizophrenia.
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