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DiGeorge syndrome with isolated aortic
coarctation and isolated ventricular septal defect
in three sibs with a 22ql 1 deletion of maternal
origin

D I Wilson, I E Cross, J A Goodship, S Coulthard, A H Carey, P J Scambler, H H Bain,
A S Hunter, P E Carter, J Burn

Abstract
DiGeorge syndrome was diagnosed in an
infant who had an interrupted aortic
arch, hypoparathyroidism, and low T
lymphocyte numbers. Two siblings had
heart defects that are not commonly
described in DiGeorge syndrome (a
membranous ventricular septal defect
and coarctation of the aorta respec-
tively). These siblings did not have
evidence of thymic dysfunction or
hypoparathyroidism. Chromosome
analysis showed that the mother, whose
cardiovascular examination was normal,
and her three offspring with heart defects
had a 22qll interstitial deletion, which
was confirmed by molecular analysis.
This family suggests that 22qll dele-

tions can cause apparently isolated heart
defects and that the range of these
defects may be wider than previously
recognised. Once the genes that are
deleted in this family are characterised
they will be useful candidate genes in the
investigation of isolated cardiac malfor-
mations.
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Though genetic defects are known to be a

major cause of heart malformation the precise
relation is poorly understood. One approach
to the search for the genetic basis of heart
defects is via syndromes with known
chromosomal localisations.

In 1965 DiGeorge described congenital
absence of the thymus and parathyroid glands
found at necropsy in three children, and in a

fourth child with congenital hypopara-
thyroidism and defective cellular immunity.'
In subsequent years it was recognised that
congenital heart defects and a characteristic
facial appearance were often associated with
these findings.2" The combination of aplasia,
or hypoplasia, of the thymus and parathyroid
glands together with cardiac defects and dys-
morphic facial features became known as

DiGeorge syndrome.
The cardiac defects most commonly found

in DiGeorge syndrome are interrupted aortic
arch type B and truncus arteriosus.4 Type B
interrupted aortic arch occurs in over 30% of
cases of DiGeorge syndrome, truncus arter-
iosus in 25% of cases, and tetralogy of Fallot
in 20%.7 An aberrant right subclavian artery
arising from the descending aorta, a right
sided aortic arch, and transposition of the

great arteries are also well recognised cardiac
abnormalities in DiGeorge syndrome.
The dysmorphic features seen in the syn-

drome are hypertelorism with short palpebral
fissures, a small mouth and short philtrum,
retrognathia, and low set, posteriorly rotated
ears.2

In 1981 de la Chapelle described a family
with members carrying a balanced chromo-
some rearrangement, t(20;22)(ql l;q 1). Four
children in this pedigree had DiGeorge syn-
drome; all had the same unbalanced trans-
location products resulting in monosomy for
22pter-22qll and trisomy for 20pter-20qll.8
The following year a further three unrelated
patients with DiGeorge syndrome were repor-
ted who were monosomic for 22pter-22ql .9
Two of these children had inherited un-
balanced forms of familial translocations and
the third child had a de novo unbalanced
translocation. There have been additional
reports of affected children with unbalanced
translocations with chromosome 22 involve-
ment.>"" The minimal region of deletion
common to all these cases is 22ql 1. More
recently a child with DiGeorge syndrome
and an interstitial deletion of 22ql 1 has been
described.14
We report a family in which an interstitial

deletion of 22ql 1 was transmitted from a
mother to three offspring. One child has the
complete DiGeorge syndrome phenotype.
The remaining three individuals with the
cytogenetic deletion have a range of clinical
features but none fulfils the diagnostic criteria
of DiGeorge syndrome.

Patients and methods
CASE 1
The proposita, the youngest member of the
sibship, was born at 40 weeks' gestation and
weighed 2-46 kg. She had bilateral talipes
equinovarus and a dysmorphic appearance
with small mouth, short philtrum, and low set
posteriorly rotated ears (fig 1). She became
unwell at three days of age with poor peri-
pheral perfusion and cardiac failure. Echocar-
diography showed an interrupted aortic arch
type B and a perimembranous ventricular
septal defect. The total blood T lymphocyte
count was low (580 x 106/1, reference values
> 1500 x 106/1). Surgical repair and patch
closure of the ventricular septal defect were

performed. The postoperative period was
complicated by necrotising enterocolitis and
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Figure 1 Small mouth
and short philtrum in
case 1.

Figure 2 Short philtrum
and narrow upslanting
palpebralfissures in the
mother.

declined further cardiological investigation.
The mother was mildly dysmorphic having a
short philtrum and narrow upslanting palpe-
bral fissures (fig 2). Her four pregnancies were
uncomplicated. Alcohol and drug ingestion
during these pregnancies was denied and there
was no history of pregnancy loss. The first
child, born at 40 weeks' gestation weighing
3-5 kg, was well and not dysmorphic. Their
other two children had undergone surgical
correction of heart malformations.

CASE 2
The second child was born at 41 weeks' gesta-
tion and weighed 2-53 kg. He was dysmor-
phic, with narrow palpebral fissures and a high
arched palate (fig 3), and had a right inguinal
hernia. He presented with failure to thrive at
two months of age and was found to have a
membranous ventricular septal defect. This
was confirmed by echocardiography and car-
diac catheterisation. The ventricular septal
defect required surgical repair when he was 4
years old. At 11 years of age he had had no
symptoms of immunodeficiency or hypocal-
caemia and his serum calcium concentration
and total blood T lymphocyte count were
within normal limits.

CASE 3
The third child was born at 39 weeks' gesta-
tion and weighed 2-9 kg (fig 4). He had a small
mouth, poorly modelled philtrum, overfolded
pinnae, and bilateral talipes equinovarus.
Bilateral inguinal hernias were repaired at 7
days of age. He did not thrive postoperatively
and coarctation of the aorta and a persistent
ductus arteriosus were diagnosed when he was
4 weeks old. At operation a hypoplastic
isthmus was identified between the left carotid

hypocalcaemic seizures (total serum calcium
1-15 mmol/l, normal range 2 28-2-65 mmol/l).
She was given calcium supplementation until
she was six weeks old. Renal ultrasound
showed that she had no left kidney.
The parents were unrelated white

Europeans. Neither had a history of frequent
infections, seizures, or heart disease in child-
hood. Clinical examination of the cardiovas-
cular system in both parents was normal; they

Figure 3 Narrow;palpebralfissuresin.case..:

Figure 3 Narrow palpebralfissures in ca.se 2.
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Figure 4 Small mouth
and poorly modelled
philtrum in case 3.
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artery and the left subclavian artery. This was

repaired and the ductus arteriosus was ligated.
Twenty four hours after the operation routine
biochemical investigations showed that his
serum calcium was 2-06 mmol/l (reference
range 2-28-2-65 mmol/l). He was symptom

free and the serum calcium returned to the
normal range within 48 hours without specific
treatment. He had two seizures two weeks
after the thoracotomy. Blood glucose, cal-
cium, and magnesium were normal at the time
of these seizures and no cause was identified.
At the age of 4 he was well and his T
lymphocyte and calcium values were within
normal limits.

CYTOGENETIC STUDIES
Chromosome preparations were made from 72
hour phytohaemagglutinin stimulated cell cul-
tures from peripheral blood from members of
the family. Cultures were synchronised by a

pulse of thymidine administered 21 hours
before harvesting. Colcemid was added for
only 8-15 minutes before harvesting to obtain
chromosomes of sufficiently high resolution to

visualise band 22ql1.22-that is at least 850
bands per haploid set.'5 Preparations were G
banded with trypsin and Leishman stain.
Chromosome analysis showed apparently

normal karyotypes in the father and eldest
daughter of the family. The mother and the
remaining three children (cases 1,2, and 3) had
a small interstitial deletion of the proximal long
arm of chromosome 22, del(22)(ql 1.21ql 1.23)
(fig 5).

MOLECULAR STUDIES

Quantitative Southern blot analysis was carried
out with the probe KI-182 3 (D22S134) which
was generated from the flow-sort-enriched

Figure 5 Chromosome 22 photomicrographs from case 2
with adjacent ideograms. The normal chromosome is on
the left and the deleted chromosome on the right. Band
ql 1.22 is nbsentfrom the chromosome on the right.

chromosome 22 library LL22NSO1 and local-
ised to the region deleted in DiGeorge syn-
drome patients."
DNA was extracted from venous blood by

salting out'7 and digested with PvuII. Electro-
phoresis was carried out through a 0-8%
agarose gel at 2 volts/cm for 18 hours. The
DNA was transferred to Hybond N+ mem-
brane (Amersham International) by alkali blot-
ting following the manufacturer's protocol.
Probes were labelled by random priming.'8 The
filter was hybridised with KI-182-3 and a
rhodopsin control probe. Hybridisation and
washing conditions were as described
previously.16
The signal intensity with KI-182-3 in the

father and eldest child in the sibship was
comparable to that in equally loaded control
lanes. The KI-182-3 signal intensity in the
mother and in cases 1, 2, and 3 was half the
intensity in normal control tracks with equal
DNA loading (fig 6). This was confirmed by
laser densitometry.

Discussion
Four members ofthis family have an interstitial
deletion at chromosome 22q1 1. The youngest
child fulfills the clinical criteria for the diagnosis
ofDiGeorge syndrome. She had a typical heart
defect, hypocalcaemia, low T lymphocyte
numbers, and the dysmorphic features asso-
ciated with the condition. Her mother and two
of her siblings have the same cytogenetic dele-
tion but do not have DiGeorge syndrome.
The molecular analysis of DNA from this

family confirms the cytogenetic findings. The
KI-182-3 signal intensity in the father and
normal sister were equivalent to the normal
control sample showing the presence of two
copies of the DNA sequence. The signal inten-
sity in the mother, proposita, and her siblings
with congenital heart disease was half that in
the equivalent normal control track showing
that they have only one copy of KI-182-3
(D22S134). Thus a deletion of chromosome
22qll was demonstrated by two independent
methods in the proposita, her mother, and the
two siblings with congenital heart disease.
A common feature in the range of cardio-

vascular malformations in DiGeorge syndrome
is a disturbance of the outflow tract of the
embryonic heart or impaired development of
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Figure 6 Autoradiograph showing the quantitative Southern blot analysis. The
KI-182-3 band is at 3-5 kb and the control band at 7 2 kb. Tracks 3 to 7 contain 3 jg,

5 jg, 7 jg, 9 jg, and 11 jg ofDNA from a normal control. Track 1 is DNA from the
father, track 2from the oldest (normal) child in the sibship, track 8from case 2, track 9
from case 3, track 10from case 1 and track 11 from the mother. The intensity of the
KI-182 3 band in the father and eldest child is comparable with that in the normal
control. The intensity of the KI-182 3 band is clearly reduced in the mother, case 1,
case 2, and case 3.

the branchial arch arteries or both. Clinical
examination of the cardiovascular system in the
mother was normal, though this does not

exclude congenital heart defects. The heart
defects in the brothers were an isolated mem-
branous ventricular septal defect and a coarc-

tation of the aorta. While ventricular septal
defects are commonly found in DiGeorge
syndrome in association with other cardiac
abnormalities they are unusual as an isolated
finding.47 We found only one previous report
of coarctation of the aorta in DiGeorge
syndrome."'
The older boy (case 2) did not have any signs

of hypocalcaemia at any stage. His serum

calcium was not measured in the neonatal
period, but after surgical repair of his ven-

tricular septal defect his serum calcium
remained within the normal range. In case 3

serum calcium was found to be slightly low

after cardiac surgery but returned to normal
quickly without specific treatment. Transient
hypocalcaemia is often seen after cardiac sur-

gery in children and can be non-specific. There
was no history of symptoms of hypocalcaemia
in the mother.
The index case had the characteristic dys-

morphic appearance seen in DiGeorge syn-
drome. However, the facial features in patients
with DiGeorge syndrome are subtle and vari-
able. The mildly dysmorphic appearance of the
mother and other affected siblings was compat-
ible with DiGeorge syndrome.
DiGeorge originally described children with

an immunodeficiency and the index case had a
low T lymphocyte count. T lymphocyte num-
bers were not measured at the time of presenta-
tion in her siblings but were within normal
limits later in childhood and they had not had
recurrent infections. This suggests that they

did not have important thymic involvement.
De la Chapelle described four affected

individuals in one family in which a 20;22
translocation was segregating.8 Greenberg et al
reported a case of DiGeorge syndrome asso-
ciated with partial monosomy of 22q resulting
from an unbalanced translocation, der(22),t
(4;22)(q35.2;ql 1.2).2o The first child in the
sibship described by Greenberg had died at
two months and was thought to have had a
congenital heart defect; the second child was
found at necropsy to have truncus arteriosus,
thymic aplasia and parathyroid hypoplasia; and
the third child was the proband. The mother
was found to carry the same unbalanced
chromosome rearrangement. Cardiovascular
examination was normal but she was noted to
have hypertelorism and on investigation she
had low T lymphocyte numbers and a reduced
response to T cell mitogens compared with a
normal control. Augusseau et al reported a
family in which a phenotypically normal female
with a balanced translocation (46,XX,t(2;22)
(ql4;ql 1)) had a child with the same karyotype
with hypertelorism, micrognathia, severe co-
arctation of the aorta, and hypocalcaemia.'9
The woman's sister carried the same trans-
location and had one pregnancy terminated
because of a fetal cardiac malformation. It is
possible that a further chromosome re-
arrangement may have occurred and led to the
different phenotype in the children reported by
Augusseau and Greenberg. However, it is more
likely that the same cytogenetic abnormality
resulted in differing phenotypes within
families-both in these families and in the
family we have presented here.
There have been previous reports of

DiGeorge syndrome occurring in more than
one individual in families with no detectable
cytogenetic abnormality. Rohn et al described a
family in which a father and two male offspring
had features of DiGeorge syndrome.2' Both
infants had truncus arteriosus, hypocalcaemia,
T lymphocyte dysfunction, and facial features
typical of DiGeorge syndrome. Their father
was mildly dysmorphic and had an abnormal
parathyroid response to a phosphate loading
test but a normal cardiovascular system.
Chromosome analysis in the father and his sons
was normal but a molecular deletion of 22q1 1
has recently been detected in the second child
in this sibship.22 Keppen et al have described
another family with dominant transmission
where cytogenetic analysis did not show any
abnormality.23 The infant in this family had an
interrupted aortic arch type B and hypocal-
caemia. His father had a history of neonatal
seizures secondary to hypocalcaemia, recurrent
infections throughout his life, and cardiac
catheterisation at the age of 14 had shown a
right sided aortic arch. There is now evidence
of a molecular deletion of 22ql 1 in this man.22
A family of three children with truncus
arteriosus, hypocalcaemia, and hypoplasia of
the thymus and clinically normal parents has
been reported.24 The authors suggested
autosomal recessive inheritance in this family
but an alternative explanation would be non-

penetrance, as occurred in the present report,
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or a group of cells with a new dominant
mutation in the gonads of one of the parents-
that is, germline mosaicism.
DiGeorge syndrome is a clinical diagnosis

based on finding evidence of thymic and para-
thyroid hypoplasia, outflow tract defects of the
heart, and a dysmorphic appearance. In the
family we present, the cytogenetic deletion
associated with DiGeorge syndrome caused a
wide variation in phenotype. The youngest girl
has all four features of DiGeorge syndrome.
The two boys have heart defects which are not
often found in DiGeorge syndrome and the
mother has no apparent cardiac abnormality.
The phenotypic variation in this family and the
families discussed above is evidence against
DiGeorge syndrome being a contiguous gene
defect. Both in the familial cases in which no

cytogenetic abnormality was identified and
in the families reported by Greenberg,
Augusseau, and ourselves where individuals
with the same apparent cytogenetic abnor-
mality have different phenotypes the parent has
the mildest phenotype and does not fulfil the
diagnostic criteria of DiGeorge syndrome. It is
clearly important to exclude clinical and
cytogenetic abnormalities in parents of chil-
dren with complete DiGeorge syndrome. In
the past individuals with the milder end of the
clinical spectrum were more likely to have
reproduced than those with complete
DiGeorge syndrome. The incidence of
DiGeorge syndrome in offspring of affected
individuals may, in part, be answered by the
British Heart Foundation study of offspring.25
The findings in this family suggest that in

some individuals with isolated heart defects,
including ventricular septal defects or coarc-
tations, the cause of the heart defect is a
deletion of chromosome 22ql 1. This has
obvious implications for the risk of recurrence
in their offspring.
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