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Abstract Recent molecular studies 
have revealed that a 22ql l  deletion 
is frequently detected in DiGeorge 
syndrome (DGS), velo-cardio-facial 
syndrome (VCFS), and conotruncal 
anomaly face syndrome (CTAFS). 
As one of the major clinical manifes- 
tations in these three syndromes is 
conotruncal cardiac malformation, 
we prospectively studied the fre- 
quency of a 22ql l  deletion in a 
group of patients with conotruncal 
cardiac malformation. Fluorescence 
in situ hybridization (FISH) analyses 
using N25 (D22S75) DiGeorge 
Chromosome Region probe were 
performed on 64 patients with 
conotruncal cardiac malformation, 
who visited our clinic from October 
1993 to January 1994. Of the 64 pa- 
tients studied, a 22ql 1 deletion was 
detected in 5 patients (7.8%): 3 out 
of 30 patients with tetralogy of Fal- 
lot, one of three with interruption of 
the aortic arch, and one hemitruncus 
patient. No deletion was found in 16 
patients with complete transposition 
of the great arteries, 8 with double 
outlet right ventricle and 2 with aor- 
topulmonary window. In these five 
patients with 22ql 1 deletion, patient 
1 was clinically diagnosed as having 
DGS, patients 2 and 3 had CTAFS, 

and patient 4 had VCFS. Patient 5 
could not be dysmorphologically 
evaluated. It was noteworthy that all 
patients with a 22ql 1 deletion, ex- 
cept a non-evaluated patient, had 
some symptoms of syndromes DGS, 
CTAFS or VCFS, and that we failed 
to identify a non-syndromic 22ql 1 
deletion positive patients in the pre- 
sent series of 64 patients. 

Conclusion This  study suggests 
that it is advisable to bear 22qH 
deletion in mind when a patient 
with conotruncal cardiac anomalies 
has some other features of  DGS. 
VCFS or CTAFS. 
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Introduction 

Conotruncal  cardiac  mal format ion ,  a card iovascula r  ano- 
ma ly  involv ing  the aort ic arch sys tem or the arterial  pole  
of  the heart,  is a cardinal  feature o f  the fo l lowing  three 
syndromes:  D iGeorge  syndrome  (DGS),  v e l o - c a r d i o - f a -  
cial  syndrome  (VCFS)  and conot runcal  anomaly  face syn- 
d rome  (CTAFS) .  D G S  ( M I M  188400) is a deve lopmenta l  
f ie ld defect  of  the third and fourth pharyngea l  pouches  
charac ter i sed  by  ap las ia /hypoplas ia  of  the thymus/para-  
thyroid  glands and by  conot runcal  cardiac  mal fo rmat ion  
[6]. VCFS  ( M I M  192430) [6] is an au tosomal  dominan t  
d i sorder  in which  pat ients  mani fes t  cleft  palate,  heart  mal -  
formation,  speech and learning disabi l i t ies ,  and typical  fa- 
cial  character is t ics .  CTAFS (Takao syndrome)  compr ises  
a dysmorph ic  facial  appearance  and outf low tract  defects  
of  the heart  [7]. 

These  three syndromes  have s imilar i t ies  in facial  ap- 
pearance,  inc luding a p rominen t  nose with a square nasal  
root  and a nar row alar base,  retrognathia ,  nar row palpe-  
bral  f issures,  and minor  ear  anomal ies  [9]. Moreover ,  re- 
cent  molecu la r  analyses  have revea led  that many  pat ients  
with these syndromes  have a dele t ion wi thin  the long arm 
of  c h r o m o s o m e  22 (22q11). The f requency of  patients 
with a 2 2 q l l  de le t ion  was repor ted  as 83% in DGS,  68% 
in VCFS  [4], and 100% in CTAFS [1]. As  one of  the ma-  
jor  c l inical  manifes ta t ions  in these three syndromes  is 
conot runcal  cardiac  mal format ion ,  we prospec t ive ly  stud- 
ied the f requency o f  a 2 2 q l l  de le t ion in a group of  pa-  
tients with conot runcal  cardiac  mal format ions .  

Patients and methods 

Sixty-four patients, 40 males and 24 females ranging from 1 month 
to 16 years of age, visited our hospital as outpatients for periodic 
check-ups or as new patients from October 1st 1993 to January 
15th 1994 and participated in this study. These patients were diag- 
nosed as having conotruncal cardiac malformation by echocardio- 
graphy, cardiac catheterisation or both. The major conotruncal car- 
diac malformations of these patients were tetralogy of Fallot (TOF; 
n = 30), complete transposition of the great arteries (TGA; n = 16), 
double outlet right ventricle (DORV; n = 8), interrupted aortic arch 
(IAA; n = 3), congenital corrected transposition (n = 3), truncus ar- 
teriosus communis (TA; n = 2), aortopulmonary window (n = 1), 
and one hemitruncus (origin of the right pulmonary artery from the 
ascending aorta). 

Standard chromosome preparations were obtained from periph- 
eral blood lymphocytes of each patient. The Oncor N25 (D22S75) 
DGS Chromosome Region (DGCR) probe combined with the 
p i l l7  (D22S39) chromosome 22 control probe both labelled with 
digoxigenin were used for fluorescence in situ hybridization 
(FISH) analyses. FISH was essentially done according to the man- 
ufacture's protocol with a slight modification. Briefly, slides were 
denatured in 70% formamide/2 • SSC at 70oc for 2 min, and im- 
mediately dehydrated by passing them for 5 min each into 70% 
and 100% ethanol, and air dried. Ten microlitres of the combined 
probe was mixed with 1.5 /.tl of 50% dextran sulphate, 20 gg 
bovine serum albumin and 2.5 gl formamide, and then hybridized 
in situ to denatured chromosome preparations at 37~ for 12-18 h. 
After hybridization the slides were washed in 50% formamide/2 • 

SSC at 42~ for 15 rain, in 2 • SSC and 1 x SSC at room temper- 
ature each for 15 min. The hybridizing probe was visualized using 
fluorescein-labeled antidigoxigenin antibody. The chromosomes were 
counter-stained with propidium iodide and then observed using a 
Nikon fluorescent microscope. Chromosome constitution was also 
studied using the standard G-banding method in each patient. 

Results 

F I S H  analyses  revea led  that the D G C R  probe signal  was 
seen on only one of  the ch romosomes  22, which is con- 
sistent wi th  a delet ion,  in 5 out of  64 pat ients  examined  
(Fig. 1). The c l in ical  features of  these f ive patients are 
shown in Table 1. Cardiac  mal format ions  in these pat ients  
with a dele t ion were diverse;  three were  T O F  (containing 
TOF and PA which  has been  c lass i f ied  as TA type  IV),  
one I A A  and one hemitruncus.  Pat ient  1 was d iagnosed  as 
having DGS (Fig. 2). Pat ients  2 and 3 were d iagnosed  as 
having CTAFS. Although the facial appearance of  patient 3 
was somewhat different from that of  CTAFS, his photograph 
at age 6 years  showed typical  facial  features consis tent  
with CTAFS.  Pat ient  4 was d iagnosed  as having VCFS.  
Pat ient  5 could  not  be dysmorpho log ica l ly  evaluated,  be-  
cause he had died. G-band ing  analysis  at around the 550- 
band level  of  resolut ion revea led  that no abnormal i t ies  in 
other ch romosomes  were  detected in all of  the patients.  

Discussion 

We prospec t ive ly  s tudied the f requency of  a 22q l  1 dele-  
t ion in a series of  64 pat ients  with conotruncal  cardiac  
malformat ions .  Out of  the 64 pat ients  studied, a 2 2 q l l  
de le t ion was detected in 5 patients (7.8%): 3 out of  30 

Fig. 1 A metaphase spread from patient 3 hybridized with probes 
N25 and pi l l7 .  No signal for N25 is seen on one chromosome 22 
homologne (arrow). An arrowhead indicates normal chromosome 22 
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Table  1 Main clinical features of the five patients with 22ql  1 deletion 

Patient Sex Age Congenital Thymic Cleft Hypo- Facial dysmorphism Clinical 
(years) heart defect hypoplasia palate calcaemia diagnosis 

1 M 1/12 IAA + - + Hypertelorism, blunted nose, DGS 
small mouth, micrognathia, 
ear anomalies 

2 M 5/12 Hemitruncus + - Hypertelorism, short palpebral CTAFS 
fissures, small mouth, low-set 
ears 

3 M 15 TOF, PA Bloated eyelids, low nasal CTAFS 
root 

4 F 16 TOF, PA + Long face, long nose with VCFS 
squared nasal root, hypoplastic 
alae nasi 

5 M 2/12 TOF + Not evaluated Not evaluated 

Fig. 2 A - D  Facial appearances 
of four patients with a 22ql  1 
deletion. Patient 1 with DGS 
(A), patient 2 (B) and 3 (C) 
with CTAFS, and patient 4 
with VCFS (D) 
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TOF patients, one of three IAA, and one hemitruncus pa- 
tient. No deletion was found in one AP window, 16 TGA, 
eight DORV, and two TA patients. It was noteworthy that 
retrospective evaluation of the clinical features of these 
22ql 1 deletion positive patients except patient 5 revealed 
that every patient had either DGS (patient 1), CTAFS (pa- 
tients 2, 3), or VCFS (patient 4). Patient 5 could not be 
dysmorphologically evaluated because he had died. This 
means that there were no non-syndromic 22ql l  deletion 
positive patients with a conotruncal defect in the present 
64 patients. Although we could not fully evaluate whether 
the 22ql l  deletion negative patients were syndromic or 
not, this might suggest that non-syndromic patients with 
an isolated conotrnncal cardiac anomaly are not likely to 
have a 22ql l  deletion. 

To our knowledge, there have been two reports evalu- 
ating the fl'equency of a 22ql l  deletion in a group of 
conotruncal cardiac malformations. Wilson et al. [8] in- 
vestigated 40 patients with TOF and found two patients 
(5%) with a 22ql l  deletion. Goldmuntz et al. [5] studied 
17 non-syndromic patients with one of the three most 
common conotruncal defects: TA (4 patients), IAA (3) 
and TOF (10). Patients with other cardinal features of 
DGS were excluded in their study. Out of these 17 pa- 
tients, a 22ql l  deletion was found in 5 (29%): 3 with TA 
and 2 with TOE They described that the 22ql l  deletion 
positive patients were mildly dysmorphic but did not have 
characteristics of a specific syndrome. However, these 
two previous studies were performed on patients with se- 
lective types of conotruncal cardiac anomalies (TOF, TA 
or IAA) most commonly seen in DGS and VCFS. There- 
fore the present study seems to be the first report of in- 

vestigating the frequency of a 22ql l  deletion in patients 
with non-selective conotruncal cardiac anomalies. 

In this study we used only one cosmid probe (N25) that 
was located in the DGCR for FISH to identify a 22ql l  de- 
letion. Previous studies showed that a consistent deletion 
(> 750 kb in size) was found in 22ql 1, encompassing the 
probes from N25 to R32, in patients with DGS, VCFS and 
isolated conotruncal cardiac anomalies [2, 3, 5]. There- 
fore, we assumed that the majority, if not all, of the pa- 
tients with 22ql 1 deletions seemed to be identifiable by 
FISH with the N25 probe alone. It is obvious, however, 
that the identification of the actual gene(s) in DGCR that 
is critical to conotruncal development would be needed for 
full evaluation of the 22ql 1 gene(s) associated conotrun- 
cal cardiac anomalies. 

In conclusion, the present study suggests that the fre- 
quency of a 22ql 1 deletion in patients with non-selective 
types of conotruncal cardiac anomaly may be quite high at 
nearly 10%. It is noteworthy, as mentioned earlier, that all 
but one 22ql 1 deletion positive patients had either DGS, 
VCFS or CTAFS, and that we failed to identify a non- 
syndromic 22ql l  deletion positive patient in the present 
series of 64 patients. This might suggest that non-syn- 
dromic conotruncal cardiac anomaly patients are not 
likely to have a 22ql 1 deletion. It would be advisable that 
children with conotruncal cardiac anomalies should be 
carefully examined to detect other morphological abnor- 
malities of DGS, CTAFS or VCFS. Once these are found, 
a molecular cytogenetic analysis is then indicated. 
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