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Pitt-Rogers-Danks syndrome and
Wolf-Hirschhorn syndrome are caused by a
deletion in the same region on chromosome
4p16.3
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Abstract
Recently, a deletion of chromosome 4pter
was found in three patients with Pitt-
Rogers-Danks syndrome. We investigated
two of these patients, by means of DNA
and FISH studies, together with two addi-
tional patients with Pitt-Rogers-Danks
syndrome, to determine the critical re-
gion of the deletion in these patients and
to compare this with the critical region in
Wolf-Hirschhorn syndrome.

All four patients showed terminal dele-
tions of chromosome 4p of different sizes.
One of them appeared to have an unbal-
anced karyotype caused by a cryptic
translocation t(4;8) in the mother, result-
ing in a deletion ofchromosome 4pter and
a duplication of chromosome 8pter. The
localisation of the Wolf-Hirschhorn criti-
cal region has been confined to approxi-
mately 1 Mb between D4S43 and D4S115.
Our study shows that the deletions in four
patients with the Pitt-Rogers-Danks syn-
drome overlap the Wolf-Hirschhorn criti-
cal region and extend beyond this in both
directions. This study, combined with the
fact that our third patient, who was previ-
ously described as a Pitt-Rogers-Danks
patient, but who now more closely resem-
bles a Wolf-Hirschhorn patient, makes it
likely that Pitt-Rogers-Danks and Wolf-
Hirschhorn syndromes are different clini-
cal phenotypes resulting from a deletion
in the same microscopic region on chro-
mosome 4p16.
(7Med Genet 1997;34:569-572)

Table 1 Clinicalfeatures in WHS and our patients

WHS Patient I Patient 2 Patient 3 Patient 4

Low birth weight + + + + +
Short stature + + + + +
Mental retardation + + + + +
Epilepsy + + + - +
Microcephaly + + + + +
Hypertelorism + + + + +
Prominent glabella +
Beaked nose + + + + +
Short philtrum + + + + +
Maxillary hypoplasia - + + + +
Wide mouth - + + + +
Cleft lip/palate + - -

Micrognathia + - -

Ears low set/simple + - - + +
Cardiac malformation + - - +
Urogenital malformation + - - - +

Keywords: Pitt-Rogers-Danks syndrome;
Hirschhorn syndrome; 4p deletion; 4p-

Wolf-

Pitt-Rogers-Danks syndrome (PRDS) is a rare
syndrome characterised by prenatal and post-
natal growth retardation, microcephaly, promi-
nent eyes, short philtrum, a large mouth, and
mental retardation.
The first four patients were described in

1984 by Pitt et al,1 who suggested this
condition might be autosomal recessive. Subse-
quently, Donnai,' Oorthuys and
Bleeker-Wagemakers,3 and Lizcano-Gil et al4
all presented additional cases with PRDS. No
chromosomal abnormalities were found. How-
ever, recently, we and others5 6 described four
patients with PRDS and a deletion of chromo-
some 4pter. Additionally, Clemens et al5
described a 4pter deletion in the two sisters
originally described by Pitt et al.' Retrospective
cytogenetic investigation of the patient of
Oorthuys and Bleeker-Wagemakers3 showed a
hitherto unnoticed 4pter deletion.
A partial deletion of the short arm of

chromosome 4 is also found in patients with
Wolf-Hirschhorn syndrome (WHS). This syn-
drome is characterised by mental and growth
retardation and a distinct pattern of dysmor-
phic features.7 Other authors have already sug-
gested that one of the cases described by Pitt et
all had facial features suggestive of Wolf-
Hirschhorn syndrome.8 The WHS critical
region is localised between D4S43 and
D4S1 15 and is about 1 Mb in size.9 '1
We further investigated the two patients

described previously by us6 (patients 1 and 2),
the patient described by Oorthuys and
Bleeker-Wagemakers3 (patient 3), and a new
patient (patient 4) with PRDS to determine the
critical region of the deletion in these patients
and to compare this region with the WHS
critical region.

Case reports
Three unrelated previously reported patients
and a new patient with PRDS and a chromo-
some 4p deletion were studied. The clinical
features of the patients are summarised in table
1.
The first patient is a white girl born in 1982.

She has clinical features of PRDS, which have
previously been documented.6 Her karyotype is
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46,XX,del(4)(p16.3). Both parents have nor-
mal chromosomes.
The second patient, a white male born in

1951, has the typical clinical features ofPRDS,
which have also been extensively documented
by the previous authors.6 His karyotype is
46,XY,del(4)(p16.3). The father has normal
chromosomes. The mother was dead.
The third patient is a white girl born in 1976

(fig 1). Her clinical features have been fully
described by Oorthuys and Bleeker-
Wagemakers.3 Chromosome studies at that
time appeared to be normal. Fluorescence in
situ hybridisation (FISH) analysis now shows a
partial deletion of chromosome 4p and a
partial trisomy of chromosome 8p as a result of
an unbalanced cryptic translocation. Her
karyotype is 46,XX,der(4),t(4;8)(p16.3;p23.1).
The mother was a carrier of the balanced form
of this translocation. The father had normal
chromosomes.
The fourth patient, reported by Donnai,"'

was born at term in 1980 weighing 2500 g. She
fed poorly and gained weight slowly. Investiga-
tions showed the presence of only one kidney.
At 13 months she began to have seizures, usu-
ally with fever, and anticonvulsant medication
was begun. Her developmental milestones were
slow; she walked at 2 years, spoke in sentences
at 5 years, and could read simple words and
write her name at 11 years.
When examined at 11 years 9 months she

was small (height, weight, and head circumfer-
ence below the 3rd centile). She had a triangu-
lar face with prominent eyes, a beaked nose,
and a short philtrum. Her ears were simple
with unfolded helices. Her labia majora were
hypoplastic and on her right palm there was an
extra transverse crease.
Her referral diagnosis was PRDS, but her

small size and facial features were reminiscent
of WHS. Fluorescent in situ hybridisation
using Oncor WHS cosmid probe (D4Z1) con-
firmed a deletion of 4Lpl 6.3-pter.

Materials and methods
The deletion was studied using standard FISH
techniques as described by Lichter et al.12 The
FISH probes used are listed in table 2. In addi-

A

Figure1 (A) Front view and (B) side view ofpatient 3 aged 19years.

Table 2 Results ofFISH and DNA anialysis

Patienit
Probe

Locuis Probe trpe 1 2 3 4

D4F26 pC847.351 F - - -

D4S90 190H5 F - - ND ND
D4S43 c39 D - ? - ?
D4S136 C80 F - - ND ND
D4S 136 cyc8.91 F - ND ND ND
D4S127 p363 D ? ? - ?
D4S126 c102 D - ? - ?
D4S81 pRB1.6 S + - - -
D4S10 C5.5 F + + ND ND
D4S10 H5.52 S + + - ND
D4S10 pTV20 S + + - ND
D4S10 p5.5 S + + - ND
D4S10 F5.53 S ND ND ND -

D4S62 S ND ND ND +
D4S394 037ygl D ND ND - ?
D4S1582 283zf5 D ND ND + +

The probes, FISH (F) as well as Southern blot (S) and dinucle-
otide repeat (D), are listed in order from the most distal on
chromosome 4p (D4F26,150 kb from the telomere) to the most
proximal.
ND not determined, ? results inconclusive, - deletion present, +
no deletion present.

tion the deletion was analysed using primer sets
for dinucleotide repeats from distal 4p loci and
by Southern blot hybridisation with markers
coding for distal 4p loci. The probe names used
are listed in table 2. All the probes have been
precisely localised on a long range restriction
map of chromosome 4p.13 15 Appropriate in-
formed consent was obtained from all four
patients and their parents concerning the FISH
and DNA analysis.

Results
The results of both the FISH and DNA analy-
ses are listed in table 2. Whenever a probe was
tested that was inconclusive, this is indicated in
the table by a question mark. In patient 1 this
occurred on locus D4S 127, because the
mother is homozygous for this locus and the
father heterozygous with one allele of the same
size as the mother. Patient 1 is therefore either
homozygous for this same polymorphism or
has a deletion at this locus. In patient 2, three
probes were inconclusive (D4S43, D4S 127,
and D4S126) because the father is ho-
mozygous for these loci and the mother was not
available for analysis. Patient 2 is thus either
homozygous for these polymorphisms or has a
deletion of these loci. In patient 4, four probes
were inconclusive (D4S43, D4S127, D4S126,
and D4S394) because the mother is ho-
mozygous for these loci and the father was not
available for analysis. Patient 4 is, like patient 2,
thus either homozygous for these polymor-
phisms or has a deletion of these loci. However,
a plausible explanation is that in all patients the
deletion is present in the loci concerned, except
for locus D4S394 in patient 4, because they are
flanked on both sides by a deleted locus.
The most proximal deleted locus on chro-

mosome 4p in patient 1 is D4S 126, in patient 2
D4S81, in patient 3 D4S394, and in patient 4
D4S 10. The most distal locus tested on
chromosome 4p (D4F26, 150 kb from the tel-
omere) is deleted in all four patients. Examples
of two different loci are given in figs 2 and 3. In
fig 2, the FISH signal of probe pC847.351
(D4F26) is shown in patient 3 on one of the
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Figure 2 FISH signal ofprobe pC84
patient 3.
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Figure 3 Southern blot of the pRBI.
polymorphism in patients 1, 2, and 3 (
their parents (F=father, M=mother, C
is present in patients 2 and 3, but not 1

Human chromosome 4pter
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chromosome 4 homologues. Figure 3 shows a
Southern blot of the pRB1.6 polymorphism
(D4S81) for patients 1, 2, and 3 and their par-
ents. In patients 2 and 3 a deletion is present
while in patient 1 no deletion is present. From
this we conclude that the minimal deleted
region in the four patients extends from
ID4S126 to the telomere.

Patient 1 has received the deleted chromo-
some from her father. Patient 3 obtained the
deleted translocation chromosome from her
mother. In patients 2 and 4 it was not possible
to determine the parent of origin, because only
one parent of each patient was available for
analysis.

Discussion
PRDS is a rare condition and fewer than 20
patients have been recorded.1-6 Recently, in six
of these patients, a deletion 4p has been
found.5 6 We have reinvestigated the patient of
Oorthuys and Bleeker-Wagemakers,3 in whom

47.351 (D4F26) in a deletion 4p was also found, caused by an
unbalanced cryptic translocation (4;8). We
analysed the patients of Lindeman-Kusse et alt
and Oorthuys and Bleeker-Wagemakers3 and a

-:- --- ~ new patient to determine if the critical region
of the deletion was the same as in the WHS.

This study clearly shows that PRDS is
caused by a deletion overlapping the critical
region of WHS (fig 4). Interestingly, the
phenotype in PRDS is not quite the same as the
WHS phenotype. In general it appears that not

. -̂^ only are the clinical abnormalities in WHS
more severe than in PRDS, but also that the
prognosis of WHS seems to be worse than in
PRDS.

Several different explanations for this pheno-
typic difference can be proposed. The influ-
ence of imprinting is not very likely. In two of
our patients with PRDS the parent of origin is
known, as well as in the two sisters originally
described by Pitt et al.' In three of these
patients the deletion is paternally derived and
in one maternally derived. In WHS a de novo

6 (D4S81) deletion can also originate from either the
IP1, P2, P3) and mother or the father without any major clinical
I=control). A deletion de s
in patient 1. differences.

In patient 3, one might conclude that there is
an influence on the phenotype of PRDS of
duplication of chromosome 8. However,
Tranebjaerg et al'7 described two brothers with
partial trisomy of chromosome 8p caused by a
translocation (8;14)(p23.1;q32.3). These two
boys only shared subtle facial dysmorphism

3115 D4F26 and slight mental retardation. The younger boy
D4S90 had delayed speech development but attended

normal school. From these data, it appears that
Telomere the contribution of duplication of 8p to the

phenotype in PRDS is minimal.
1gion A contiguous gene syndrome could be held

responsible for the difference in phenotype in
WHS and PRDS. The expectation would then
be that deletions in WHS would be larger than2 in PRDS, explaining the more severe pheno-
type in WHS. However, our three patients all

4 have a larger deletion than some patients
described as having typical features ofWHS.9 18

lustrate the WHS Patient 3 in our study more closely resembles
the WHS phenotype at the age of 19 years than

Figure 4 Physical map ofchromosome 4p. The bars below the map ili
critical region and the deletions found in the four patients.
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she did at the age of 8 years.3 This could be
because of a changing phenotype in WHS,
although many patients with WHS are diag-
nosed shortly after birth.

In our opinion, WHS and PRDS are two
phenotypes caused by a deletion in the same
microscopic region on chromosome 4p 16. The
difference between the two syndromes is that
PRDS is diagnosed in those who have a less
severe phenotype and present later, and WHS
is diagnosed in those who are more severe and
thus present early.

Further work, especially in other PRDS
patients, is needed to limit the critical region in
PRDS and to confirm or disprove that PRDS
and WHS are different expressions of the same
chromosomal abnormality and possibly of the
same gene.

We would like to thank Dr H G Brunner and Dr J J G
Hoorweg-Nijman for kindly providing DNA and blood samples
from their patients.
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