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Interstitial deletion, del(4)(q 2q21. 1), owing to de
novo unbalanced translocation in a 2 year old girl:
further evidence that the piebald trait maps to
proximal 4q12

Albert Schinzel, Christian P Braegger, Lukrecija Brecevic, Fabrizio Dutly, Franz Binkert

Abstract
A very short, microcephalic, and mentally
retarded 2 year old girl showed minor
anomalies including prominent occiput,
delayed closure of the anterior fontanelle,
high frontal hairline, prominent ears,
upward slanting palpebral fissures, a
small nose with bulbous tip, delayed tooth
eruption and bone maturation, and short
and tapering fingers and toes. She did not
have a white forelock. Cytogenetic investi-
gation disclosed a de novo unbalanced
translocation between chromosomes 4
and 18 with deletion of 4ql2-q21.1.
Molecular investigation showed lack of a
paternal allele for the microsatellite
markers D4S392 and D4S398. This case
shows indirect evidence that the piebald
gene maps to proximal 4q12.
(7Med Genet 1997;34:692-695)
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Interstitial deletion of the segments 4q1 q21
or 4q1 2q21 has been reported in eight
patients,'`8 five of whom showed the piebald
trait, a white forelock.' 2 4 6 8 Beyond this rather
unusual finding, they did not share a striking
common pattern of dysmorphism and malfor-
mations.
We report clinical, cytogenetic, and molecu-

lar findings of another patient with an intersti-
tial deletion of 4q12q21.1. She did not show
the piebald trait and, in contrast to all but one'
of the previous cases, her deletion was second-
ary to a de novo translocation which had
occurred in the paternal germline.

Case report
The proband, a girl, was the product of the first
pregnancy of a 26 year old, healthy mother and
her 33 year old partner. The mother worked as
a waitress and smoked about 10 to 20
cigarettes a day throughout the pregnancy
which was normal apart from a short period of
gastrointestinal infection at the end of the first
trimester. Delivery occurred one day before the
expected term. At the end of labour, cardioto-
cography showed decreased fetal heart velocity,
but at delivery there was only mild asphyxia.
Birth weight was 2700 g and length was 45 cm.
No special features were initially noticed in the
infant and so she was discharged with her

mother on day seven after delivery. Subse-
quently, she suffered from episodes of colicky
abdominal pain and abdominal distension of
unknown aetiology. Motor and mental devel-
opment were delayed with sitting at 8 to 9
months and standing at 16 months.

Clinical examination at the age of 19 months
showed length 68 cm (<<3rd centile, approxi-
mately -4 SD), weight 7.5 kg (<<3rd centile,
approximately -3.5 SD), OFC 45.5 cm
(3rd-i0th centile). Clinical dysmorphological
evaluation disclosed the following abnormali-
ties: prominent occiput, anterior fontanelle still
patent 2 x 2 cm, high frontal hairline,
prominent ears (ear length 4.7 cm, about the
10th centile), upward slanting palpebral fis-
sures, small nose with bulbous tip, delayed
eruption of teeth (first at 18 months, at present
only two lower and one upper incisor erupted),
barrel chest, prominent abdomen, short and
tapering fingers (total hand length 8.4 cm,
below the 3rd centile), rocker bottom feet, and
short and broad toes. On external examination,
there were no other abnormalities; cardiac aus-
cultation indicated a 1-2/6 systolic murmur
which was considered to be only functional. No
hypo- or hyperpigmented areas of the skin were
visible.

Figure 1 Chromosomes 4 and 18from one RFA and
GTG banded metaphase each of the proband. Breakpoints
are indicated by arrows on the normal homologues of the
GTG banded karyotype and the diagram.
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Figure 2 Dual colour FISH of a metaphase of the proband (A) with GTG banded
control (B). Chromosome 4 is painted in green, chromosome 18 in red. Note the reciproca.
translocation with a large segment ofchromosome 4 attached to chromosome 18 and a tin
segment ofchromosome 18 attached to chromosome 4.

FURTHER INVESTIGATIONS
Histological analysis of a duodenal biop
specimen showed ectatic vessels, but otherwi
normal findings, and histological examinati(
of a colonic biopsy showed normal finding
Thus, the gastrointestinal problems were co:
sidered to be the result of aerophagia.

Radiographs of the lumbar and sacral vert
bral column and pelvis were normal. Hand
rays showed normal bones but severe delay
carpal (9/12) and phalangeal (12/12) bone ag
at a chronological age of 24 months.

sented in table 1 and fig 3. Control markers at
4q26- q27 were analysed in order to exclude
maternal uniparental disomy 4. For markers
D4S392 and D4S398, the proband had inher-
ited one of the two maternal alleles, but lacked
either of the two paternal alleles; marker
D4S399 was not informative. The three mark-
ers on distal 4q showed normal biparental
inheritance in the proband. Thus, the com-
bined results confirmed the interstitial deletion

- of proximal 4q, disclosed its paternal origin,
and excluded maternal uniparental disomy of
chromosome 4.

Discussion
Interstitial deletion of the segment

3) 4q12-*q21.1, as was found in the proband, has
so far only rarely been reported. In one case
reported in the early banding period (1977),2
the proximal breakpoint was determined at
4q11, while in five others,' 3- it was in 4q12.
Owing to a less precise determination ofbreak-
points in the seventies, it is possible that the

y breakpoints did not differ and that the former
case also had the proximal breakpoint at 4q12.
Only in the four latter cases was the distal
breakpoint found to be within 4q21, specifi-

'sy cally in its proximal segment, at 4q21.
tse 4q21.1 was also the breakpoint in our proband.
Dn A comparison of the clinical findings in the
gs. eight previously reported patients with the
n- proband of this report is presented in table 2.
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CYTOGENETIC INVESTIGATIONS
GTG and RFA banded metaphases from lym-
phocyte chromosome cultures showed an
unbalanced translocation between chromo-
somes 4 and 18 with presumed loss of
the segment (4)(q12--q21.1): 46,XX,t(4;18)
(4pter--4ql 2::1 8q23-- 1 8qter; 1 8pter- 1 8q23
::4q2 1.1 -*4qter) (fig 1). Chromosome paint-
ing with libraries of chromosome 4 (digoxigen-
ised, red) and chromosome 18 (biotinilated,
green) showed the reciprocity of the transloca-
tion and excluded involvement of a third chro-
mosome (fig 2). Parental karyotypes were nor-
mal. No cell line of the proband is available.

MOLECULAR INVESTIGATIONS
The results of microsatellite marker analysis of
loci within the segment 4q12- 3q21 are pre-

Table 1 Results of microsatellite examination for
chromosome 4q in the proband and her parents. All primers
were obtainedfrom Research Genetics

Primer Locus Alleles

D4S398 4ql3-q21 d,cd,ab
D4S399 4ql3-q21 aa,aa,ab
D4S392 4ql3-q2l a,aa,bc
D4S247 4q26-q27 ac,cc,ab
D4S427 4q26-q27 ac,ac,bc
D4S175 4q26-q27 bc,cc,ab

The alleles are given in the order: patient, mother, father. The
markers showing paternal deletion are given in bold. Allele des-
ignations (a to d) are arbitrary.

()

D.'S392

E

0
-

Figure 3 Results of microsatellite marker analysis for
D4S392 (A) and D4S398 (B) in the proband and her
parents showing absence of a paternal allele. DNA
extractedfrom peripheral blood was amplified on a pe 9600
with 32 cycles of 30 seconds at 94°C, 45 seconds at 550C
for annealing, and one minute 20 seconds at 72°Cfor
extension. The reaction products were loaded onto a
polyacrylamidelurea gel. Visualisation of the bands was
done by silver staining.
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Table 2 Clinicalfindings in reported patients with deletion of (4) (ql1-q21) or (4) (qI2-q21). Exceptfor major
malformations, onlyfindings present in at least two patients were considered

Reference
Our

Findings 1 2 3 4 5 6 7 8 patent n=9

Deleted segment (see foomote) a b a c c c c c c
Age at last examination(y/mth) 3/6 1/0 4/0 6/6 1/8 0/7 3/10 4/0 2/0 -

Short stature + ? + + + - ? + + 6/7
Craniofacial
Macrocephaly/microcephaly -/- ? -I- -I+ +I- -I- -I+ -I+ -I+ 1/4
Prominent forehead - ? + + + ? ? - - 3/6
Highfrontal hairline ? ? + ? + ? ? + + 4/4
Upward slanting palpebral fissures - ? + ? - ? ? ? + 2/4
Epicanthicfolds - + + ? + ? - - - 3/7
Depressed nasal bridge - + + - + + - - - 4/8
Delayed tooth eruption + ? ? + ? ? ? ? + 3/3
Low set ears - + + + - ? - + - 4/8

Genitalia
Hypospadias - 0 0 + - - - 0 0 1/5
Cryptorchidism - 0 0 + - - - 0 0 1/5

Limbs
Small hands and feet ? ? + ? + ? ? + + 4/4
Clinodactyly 5 + + - - - + - 3/7
Transverse palmar creases - + ? - + ? ? ? - 2/5

Malformations
Coloboma of iris/optic nerve - - - - - - + - - 1/9
Microphthalmia - - - - - - + - - 1/9
Renal agenesis - - - - - + - - - 1/9

CNS
Seizures - - + + - - - - - 2/9
Hypotonia + ? + + + ? + ? + 6/6
Mental retardation + + + + + + + + + 9/9
Piebald trait + + - + - + - + - 5/9

a = del(4)(ql 2-q21). b = del(4)(qll-q21). c = del(4)(ql2-.q21.1).

This analysis shows that, as is often the case in
interstitial deletions,9 the pattern of abnormali-
ties is not very striking and thus, in contrast to
many terminal autosomal deletions with a
rather abnormal phenotype, it would hardly be
possible to recognise the specific deletion in
such a patient from the clinical findings alone.
However, if multiple minor anomalies and
growth and mental retardation are present in a
patient with a white forelock (piebald trait), the
situation is different: the latter is a unique find-
ing in chromosome aberrations,9 '0 having been
reported so far only in proximal deletions of
4q. Its occurrence in the first two cases' 2 led to
the provisional mapping of the gene for the
dominant piebald trait to the deleted region
4q12--q21.1. However, lack of a white fore-
lock in 4/9 patients (including ours) with a
deletion including 4q12- oq21 .1 leaves several
explanations open. First, the proximal break-
point could be different in the patients with
and without a white forelock, being more
proximal and thus including the "piebald
gene" in the former group. Evidence for this
explanation is a case with an overlapping, but
more distal 4q deletion which includes the seg-
ment (4)(q13-.q22) in which no features of
the piebald trait were found." Second, a
further controlling gene might be involved
which would have two alleles of approximately
equal incidence, restoring the effect of the
deletion of the piebald gene if one of the alleles
is present. This explanation is not very likely as
it would imply that the penetrance of the
piebald trait would be well below 50% which is
not the case, at least not if associated findings
(heterochromia of the iris, deafness, Hirschs-
prung disease, epitheliomas) are also consid-
ered. Third, it could also be speculated that
occurrence of the piebald trait in half of the
patients with interstitial deletions with a proxi-

mal breakpoint at 4q12 indicates gene disrup-
tion or gene deletion. This might suggest again
that the action of this gene is not through hap-
lotype insufficiency but rather through a
distorted gene product. A fourth explanation
would be that the white forelock was either not
yet present in the "negative" cases or was over-
looked. As these patients were not the younger
ones (table 2) and did not in general show de-
pigmentation, this is also not very likely. Thus,
it seems probable that the gene for piebald trait
maps to proximal 4q12 and was either deleted
or disrupted in only a proportion of cases with
del(4)(q12-.q21) while the breakpoint in the
others, including our proband, was outside and
probably distal to this gene.
The intestinal problems in the proband

could not be clarified by an intestinal and
colonic biopsy; it is noteworthy that the same
kinds ofproblem were reported in two previous
patients with a similar deletion: frequent
regurgitation3 and tympanitic abdomen, feed-
ing difficulties, and frequent vomiting.5 The
latter patients did not show the pigmentary
changes of the piebald trait. Hirschsprung dis-
ease resulting from aganglionic colon as one
feature of piebald trait was excluded in our
proband, but not in the two other patients.
Therefore, although such problems are not
uncommon in patients with chromosome aber-
rations and other MCA/MR syndromes, they
might also represent a feature of as yet
unknown pathogenesis of this particular dele-
tion.

The authors are grateful to the parents of the proband for their
cooperation. The work was supported by the Swiss National
Foundation, grant No 32.37798.93.
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