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Paternal origin of the chromosomal deletion resulting in
Wolf—-Hirschhorn syndrome
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Abstract

DNA samples were obtained from children with
Wolf-Hirschhorn syndrome and their parents to
assist with gene mapping studies of 4pl6.3 (the
region known to contain the Huntington’s disease
gene). A panel of seven families was studied, using
polymorphic DNA markers, to determine the
parental origin of the chromosome abnormality
resulting in Wolf-Hirschhorn syndrome. All seven
cases were the result of de novo deletions or
rearrangements of 4p and in each case the abnor-
mality arose on the paternal chromosome. Analysis
of the 3’ hypervariable regions of the o globin and
mucin loci indicated that non-paternity was unlikely
to be an explanation for these results. A paternal
age effect was not observed. The possibilities of an
environmental influence or genetic imprinting
require further consideration. This report extends
information regarding the preponderance of the
paternal origin of de novo structural deletion
syndromes.

Wolf-Hirschhorn syndrome is a rare chromosomal
deletion syndrome involving the distal short arm of
chromosome 4 (4p). Affected children show prenatal
growth retardation and profound postnatal growth
and developmental delay. There is a characteristic
facial phenotype that includes microcephaly, hyper-
telorism, colobomata, highly arched supraorbital
ridge and eyebrows, prominent glabella, short phil-
trum, cleft lip and palate, low set, abnormal ears, ear
pits, and scalp defects. Other abnormalities include
seizures, cardiac and genital defects, overlapping toes,
and decreased dermal ridges.! Depending on the
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number and severity of serious malformations, the
syndrome is compatible with prolonged life.

Recently, the parental origin of de novo structural
abnormalities has aroused much interest. Of parti-
cular note is the observation that Prader-Willi and
Angelman’s syndromes, two syndromes with non-
overlapping clinical features, may be associated with
similar deletions of the proximal long arm of chromo-
some 15. Deletions associated with Prader-Willi
syndrome are almost always of paternal origin,2-®
whereas those associated with Angelman’s syndrome
are of maternal origin.”"?

DNA samples were originally obtained from
children with Wolf-Hirschhorn syndrome and their
parents to assist with gene mapping studies of 4p16.3;
this region is known to contain the Huntington’s
disease gene and has been the subject of intensive
investigation since 1983.1* A panel of seven families
was studied using DNA polymorphisms from the
relevant region in order to determine the parental
origin of the chromosomal anomaly resulting in
Wolf-Hirschhorn syndrome.

Patients and methods

Venous blood samples were obtained from children
with Wolf-Hirschhorn syndrome and their parents.
Local ethical committee approval had been obtained
and each family was provided with a full explanation
of the nature of the proposed research.

Chromosome preparations, suitable for high
resolution studies, were obtained using deoxycytidine
release of a thymidine block to induce synchronous
cell division.”® G banding was accomplished using a
modification of the method of Seabright.!¢ R banding
was accomplished by a method adapted from that of
Perry and Wolf'7 which included the addition of
BrdU (20 pg/ml) for the last five hours of culture to
release a methotrexate block, the exposure of the
chromosome preparations to UV light, treatment with
2% SSC at 60°C for 10 minutes, and staining with 10%
Giemsa.

DNA extracted from venous blood samples was
digested to completion with the appropriate restriction
enzyme according to the manufacturer’s instructions.
The particular combinations of DNA probe, restriction
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Table 1 Details of DNA probes used in this analysis.

Locus Probe Restriction
name name enzyme (kb)
D4S10 pk082 HindII1 17'5 and 150
49 and 37
pk083 EcoRI 14'5 and 90
D4S125 pYNZ32 Psl 3-:0-2-0*
D4S95 p674 Accd 4-14-5*
D4S115 p252.3 Psl 2:5-2-3*
D4S111 p157.2 Psil 2:2-1-8*

*Multiple alleles detected at these loci; therefore, allele sizes are
approximate.

enzyme, and allele size used in this analysis are given in
table 1. The fragments were separated by 0'7%
agarose gel electrophoresis and transferred to nylon
membrane filters (Hybond N, Amersham Inter-
national). The filters were prehybridised, hybridised,
washed, and exposed to x ray film (Konica) by
standard methods. '® Radiolabelled DNA Probcs were
prepared by the random primer method.'®

The loci detected by the DNA probes and their
relative positions on chromosome 4p16.3 are illustrated
in fig 1. Probes from the 3’ hypervariable regions of
the a globin and mucin loci were used to check
paternity (DNA profiling kit RPN 90, Amersham
International). These probes detect variable number
tandem repeats on chromosomes 16 and 1.

Results

All seven cases of Wolf-Hirschhorn syndrome were
the result of de novo deletions or rearrangements
which caused the loss of distal 4p material. The
karyotypes of the affected children are listed in table
1. The most probable karyotypes were reported;

D4s111
D4S115

D4S95

D4S125

D4s10

Chromosome 4
short arm

Fi%el I of chromosome 4p which shows the order
of loci detected by the DNA probes used in this study. In all
cases probes detected loci from the most distal band, 4p16.3.

Locus name
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however, in view of the known difficulty in distin-
guishing interstitial deletions, terminal deletions, and
small de novo unbalanced translocations from one
another, alternatives are possible.

Molecular studies indicated that the deletion
occurred on the paternal chromosome in each of the
seven cases. The probability of obtaining this result
by chance is 1 in 128 (27). The loci at which absence of
inheritance of the paternal allele was shown for each
family are listed in table 2. The aim of the experiment
was to determine the parental origin of the deletion;
therefore, once the parental origin could be identified
clearly for a particular patient no further analysis was
undertaken.

Analysis of the 3’ hypervariable regions of the o
globin and mucin loci indicated that non-paternity
was not likely to be an alternative explanation for
these results. Fig 2 provides an example of the
molecular analysis for one of the families. In our
population, the probability of excluding non-paternity
using the 3’ hypervariable o globin probe is 83:69%
(unpublished data), which is in close agreement with
that published by Collaborative Research Incorporated
(87-68%). Similarly, the probability of excluding non-
paternity in our population, using the probe from
the mucin locus, is 23:75%. Taken together, the
probability of missing non-paternity in this study is
less than 5%.
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Figure2 The left hand panel shows paternal allele loss from
distal 4p in Wolf—Hirschhorn syndrome; in this case the

locus D45 125 was detected by the probe pYNZ32. F=father,
P=patient, M=mother. The right hand panel shows the same
samples probed with the 3' hypervariable regions of the a globin
and mucin loci, confirming paternity as stated.
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Table 2 Details of Wolf~Hirschhorn cases.

Quarrell, Snell, Curtis, Roberts, Harper, Shaw

Loci which show

Case no Paternal age (y) Maternal age (y) paternal allele loss* Karyotype

1 23 24 D4510, D4S95 del(4)(p15.2)
2 18 17 D4S125, D4S111 t(4;2X(p15.2;?)
3 31 30 D4S10, D4S9S del(4)(p15.32)
4 37 31 D4S125 (4;2Xp15.2;?)
5 30 29 D4S115, D4S111 del(4)p15.32)
[3 35 36 D4S125 del(4)(p16.1)
7 28 28 D4S115 del(4)(p15.31)
Average 288 27-8

*Families were not informative with all probes.

Discussion

Our results indicate that de novo structural chromo-
somal abnormalities resulting in the Wolf-Hirschhorn
phenotype occurred on the paternal chromosome in
all seven cases studied. The parental origin of two
other cases has been reported previously?® 2!; in each
case the mutation occurred on the paternal chromo-
some. The probability that all nine mutations
occurred on the paternal chromosome by chance is 1
in 512 (2°. It is, therefore, likely that paternal
chromosomes have a predisposition for this type of
mutation. A paternal age effect was considered but is
unlikely to be the explanation for this observation
(table 2). The possibility of an environmental in-
fluence requires further consideration. There has
been some evidence to suggest an increase in the
occupational exposure to hydrocarbons among fathers
of children with the Prader-Willi syndrome,?? but
consistent evidence to support this as a mechanism
causing de novo structural abnormalities is lacking.

The parental origin of a variety of structural
chromosome rearrangements has been noted pre-
viously. Olson and Magenis,?! using chromosome
heteromorphisms, found 27/32 were paternal and, in
reviewing published reports, noted that an additional
28/39 were also paternal. In both series a significant
paternal age effect was absent, as was evidence of
exposure to radiation, drugs, or chemicals. More
recently, the parental origin of cri du chat (5p)
syndrome has been reported; in 20/25 cases the
deletions were of paternal origin.?* This contrasts
strongly with the observation that de novo trisomies
show a significant maternal age effect and the majority
of errors are of maternal origin.?* The parental origin
of a number of genetic diseases has been reviewed
recently?® 2 and the preponderance of the paternal
origin of de novo structural abnormalities is probably
related to differences between the mechanisms for egg
and sperm production.

The phenomenon of differential expression of genes
depending on their parental chromosome of origin,
genetic imprinting, has received much attention
recently.?” Although much of the evidence favouring
this as a mechanism during development comes from
animal experiments, a clear example in humans is the

hydatidiform mole, which results from a diploid
paternal set of chromosomes. Imprinting is con-
sidered to be a possible explanation for the observation
that children with Prader-Willi and Angelman’s
syndromes may have similar chromosomal deletions,
but the particular phenotype depends on which
parental set of genes is lost, usually paternal in the
case of Prader-Willi syndrome and usually maternal in
the case of Angelman’s syndrome.” 12 13

It has been suggested that the distal part of
chromosome 4p could be imprinted and thereby
explain the phenomenon that patients with the severe
juvenile form of Huntington’s disease inherit the
disease from their fathers.?® It would be tempting to
consider imprinting as a mechanism to explain the
paternal origin of Wolf-Hirschhorn syndrome; this
would imply that mutations of the maternal chromo-
some resulted in failure of embryonic development or
fetal loss, a hypothesis which currently cannot be
tested. Against imprinting being an explanation for
the current observation is the fact that female carriers
of balanced translocations involving 4p may produce
chromosomally unbalanced offspring who have facial
characteristics indistinguishable from de novo cases of
Wolf-Hirschhorn syndrome.?

This report extends the documentation of the
preponderance of paternal origin of particular
chromosomal deletion syndromes. Additional studies
of the parental origin of this and other deletion
syndromes should provide valuable information on
the mutational mechanisms underlying abnormalities
of specific chromosomal regions.

We would like to express our thanks to the parents for
allowing us to obtain blood samples from their
children. We would also like to acknowledge the
clinicians who allowed us access to their patients: Dr
H Hughes (Cardiff), Dr Ackrowyd (Cheltenham), Dr
M Smith (Sheffield), Dr R Winter (London). We
thank Mrs D A Barrell and Miss S Evans for
assistance with karyotype analysis. We are grateful to
Dr L A Sandkuijl (Holland) for help with analysis of
the paternity tests. This project was funded by The
Wellcome Trust.



Paternal origin of the chromosomal deletion resulting in Wolf~Hirschhorn syndrome

1 Jones KL. In: Smith’s racogmxable patterns of human malformation.
Philadelphia: Saunders, 1988.

2 Butler MG, Palmer CG. Parental origin of chromosome 15
deletion in Prader-Willi syndrome. Lancer 1983;i:1285-6.

3 Mattei JF, Mattei MG, Glraud F. Prader Willi syndrome and
chromosome 15: a clinical discussion of 20 cases. Hum Genet

1983;64:356-61.
4 Niikawa N, Ishikiriyama S. Chmcalmdc;yt ogenetic studies of the
Prader-Willi syndrome: evidence of phenotype—karyotype

correlation. Hum Genet 1985;69:22-7.

S Butler MG, Meaney FJ, Palmer CG. Clinical and cytogenetic
survey of 39 individuals with Prader-Lambert-Willi syndrome.
Am J Med Gener 1986;23:793-809.

6 Nicholls RD, Knoll JH, Glatt K, er al. Restriction fragment

polymorphisms within proximal 15q and their use in
molecular cytogenetics and the Prader Willi syndrome. Am 7
Med Genet 1989;33:66-77.

7 Knoll JHM, Nicholls RD, Magenis RE, ez al. Angelman and
Prader-Willi syndromes share a common chromosome deletion
but differ in the parental origin of the deletion. Am ¥ Med Genet
1989;32:285-90.

8 Knoll JHM, Nicholls RD, Lalande M. On the parental origin of
%e 5_2eletion in Angelman syndrome. Hum Genet 1989;83:

9 Cooke A, Tolmie JL, Glencross F], et al Detecuon of a 159
deletion in a child with Angelman syn osne
analysis and flow cytometry. Am ¥ Mad Gena 1989,32

10 Pembrey M, Fennell S], Van den Berghe J, et al. The association

’s syndrome with deletions within 15q11-13.
] Med Gener 1989;26:73-7.

11 Williams CA, Hendrickson JE, Cantu ES, et al. Angelman
syndrome in a daughter with del(lS)(qllqlS) associated with
brachycephaly, henru} foramen magnum and
ataxia in the mother. Am ¥ Med Genet 1989;32:333-8

12 Magenis RE, Toth-Fejel S, Allen L], et al. Compansonofthe 15q
deletions in Prader Willi and Angelman syndromes: specific
regions, extent of deletions, parental origin, and clinical
consequences. Am J Med Genet 1990;35:333—49.

13 Williams CA, Zori RT, Stone JW, et al. Maternal origin of
lSqll—l3 deleuons in syndrome suggests a role for

printing. Am 7 Med Genet 1990;35:350-3.

14 Gusella JF Wexler NS, Conneally PM, et o A polymorphic

259

marker genetically linked to Huntington’s disease. Nature

1983;306:234-8.

15 Wheater RF, Roberts SH. An mfroved lymphocyte culture
technique: deoxycyudme release of a thymidine block and use
of a constant humidity chamber for slide making. ¥ Med Genet
1987;24:113-4.

16 Seabright M. A rapid banding technique for human chromo-

somes. Lancet 1971 s 971—2.

17 Perry P, Wolff S. New giemsa method for differential staining of

chromatids. Nature 1974;251:156-8.

18 Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a
laboratory manual. an ed. New York: Cold Spring Harbor
Laborator;

19 Feinberg A Vogelstem B.A technique for radiolabelling DNA
restriction endonuclease fragments to high specific activity.
Anal Biochem 1983;132:6-13.

20 Gusella JF, Tanzi RE Bader PI, et al. Deletion of Huntington’s
disease-linked G8 (D48 10) locus in Wolf-Hirschhorn syndrome.
Nature 1985;318:75-8.

21 Olson SB, Magenis RE. Preferential paternal origin of de novo

structural rearrangements. In: Daniel A, ed. The cytogenetics of
mammalian autosomal
1988:583-99.

22 Cassidy SB, Gainey AJ, Butler MG. Paternal hydrocarbon
exposure-at conception of Prader-Willi syndrome patients with
and without deletions of 15q. Am ¥ Med Genet 1989 44:806-10.

23 Overhauser ], Lee-Chen GJ, McMahn ], etal. Patemalmhemanoe
of the deleted chromosome $ in cri du chat syndrome patients. Am
J Hum Genet 1989;45(suppl):85A.

24 Hassold TJ, Jacobs PA. Trisomy in man. Annu Rev Genet
1984;18:69-97.

25 Editorial. Origins of genetic disease. Lancet 1990;335:887-8.

26 Chnndley AC. Origins of genetic disease. Lancet 1990;335:

rearrangements. New York: Alan R Liss,

27Re1kW Genomic imprinting and genetic disorders in man.
Trends Genet 1989;5:331-6.

28 Reik W. Genomic imprinting: a possible mechanism for the
parental origin effect in Huntington’s chorea. ¥ Med Genet
1988;25:805-8.

29 McKeown C, Read AP, Dodge A, et al. Wolf-Hirschhorn locus
is distal to D4S10 on short arm of chromosome 4. ¥ Med Genet

1987;24:410-2.



