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Abstract
In familial Beckwith-Wiedemann syndrome (BWS), the mode 
of inheritance is uncertain and possible patterns include 
autosomal dominant, multifactorial and autosomal dominant 
sex-dependent inheritance. Genomic imprinting has recently 
been invoked to explain the unusual inheritance patterns in 
several disorders. We have previously reviewed 28 published 
kindreds of BWS and shown that paternal imprinting is proba
bly responsible for familial BWS. In the present paper, highly 
informative RFLP markers in the 1 lpl 5.5 region have been 
shown to segregate with the disease gene as an autosomal dom
inant, but phenotypic manifestations in an offspring are 
dependent on the sex of the parent contributing the defective 
gene. In contrast to previous reports in which imprinting of 
the growth stimulator gene, IGF2, has been invoked as the 
mechanism explaining sporadic cases of BWS (especially in 
situations where uniparental disomy and trisomy of the 
lip 15.5 region has occurred), it is suggested that paternal 
imprinting of a growth suppressor gene, e.g., H19, may be one 
of the causes of familial BWS.

majority of individuals with BWS reported to 
date are sporadic, but at least 28 kindreds 
with familial BWS have been published [3], 
There is no clear-cut pattern of inheritance in 
the familial cases but a key observation to
wards defining the aetiology of BWS has been

Introduction

Beckwith-Wiedemann syndrome (BWS) is 
characterised by variable clinical combina
tions of gigantism, macroglossia, exomphalos, 
visceromegaly and ear lobe creases [1,2]. The
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the linkage of the disorder to chromosome 
1 lpl 5.5, and a suggestion as to the role of pa
rental imprinting in the transmission of the 
phenotype [4],

Genomic imprinting is a mechanism 
which involves a functional difference be
tween maternally and paternally derived 
genes [5, 6], Imprinting has been observed in 
several organisms including the laboratory 
mouse and it is also evident in some human 
disorders, including Angelman and Prader- 
Willi syndromes [6, 7],

We carried out linkage analysis with highly 
polymorphic 1 lpl 5.5 markers which are 
known to be tightly linked to the BWS locus in 
an attempt to decipher the path of the defec
tive gene in a South African BWS family 
described previously [3]. Our results indicate 
a clear dominant pattern of inheritance in this 
unique family with expression of the disorder 
only when the allele is inherited maternally.

N1 (locus HRAS, ATCC 41001) [12], The genotyped 
pedigree of the kindred investigated in this study is 
shown in figure 1 ; the clinical details have been re
ported elsewhere [3, 13]. Linkage analysis was carried 
out with the program LINKAGE (V5.03) [14]. Pre
viously estimated values for incidence (1:13,500) and 
population disease frequency (0.0001) [4] were used. A 
value of 10“5 was assumed for the spontaneous muta
tion rate. Two liability classes of penetrance were 
assigned to members of the family according to the 
model for paternal imprinting as proposed previously 
[3], For class 1 the penetrance was 0.0 for the disease 
gene heterozygote and homozygote and for liability 
class 2 a penetrance value of 1.0 was assigned for both 
homozygote and heterozygote. Class 1 comprised of 
individuals from generations I and II and in marrying 
spouses; class 2 consisted of family members who were 
descendents of II-1/II-2, II-8/II-9, and III-3/III-4.

Results

In the South African BWS kindred (fig. 1) 
in which seven individuals have BWS, two 
phenotypically normal half-sisters (II-2, II-8) 
who have a common father (1-2), each pro
duced three offspring (III-2, III-4, III-5 and 
III-14, III-16, III-19) with the characteristic 
features of BWS. Two affected boys (III-2, III- 
5) died in early infancy with conclusive au
topsy evidence of the disorder. The remaining 
four living relatives are all female, the eldest 
of whom (III-4) has had a baby with BWS (IV- 
1). Although a clearly autosomal dominant 
mode of inheritance was not evident from the 
pedigree of the BWS family, linkage analysis 
was carried out assuming this mode of inheri
tance with the two liabilty classes of pene
trance assigned to members of the family 
according to the model for paternal imprint
ing as proposed previously [3], Generations I 
and II were accorded a penetrance of 0.0 
because of the parental origin of the defective 
allele. Individual 1-2 was an obligate gene car
rier by virtue of pedigree data but as he did 
not manifest any stigmata of BWS, he was 
accorded a penetrance of 0.0.

Patients and Methods

BWS was documented in 5 living members of two 
generations of a South African family of Asian and 
mixed ancestry. In addition the autopsy evidence con
firmed that 2 deceased persons had also been affected. 
The mode of transmission was unusual, and did not 
conform to Mendelian patterns of inheritance.

Southern Blots
DNA was prepared from lymphocytes as described 

previously [8]. 10 pg of DNA were digested with the 
appropriate restriction endonucleases as recom
mended by the manufacturer (Boehringer-Mann- 
heim). DNA was electrophoresed and then transferred 
to nylon membranes (Hybond N+) as described by 
Southern [9]. Hybridization with the 32P-labelled 
probes (specific activity, 2 X 10® cpm/pg) was as 
described previously [10],

Allele Segregation/Linkage Analysis 
To investigate the passage of the disease locus in 

the BWS kindred the following closely linked RFLP- 
identifying probes on chromosome 1 lpl5.5 were used: 
(a) phins214 (locus INS, ATCC 57398) [11], (b) pbc-
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Fig. 1. Pedigree of the South African BWS kindred with genotypes for the phins214 
marker

Table 1. LOD scores for BWS and the phins214 
genotypes

RFLP studies were carried out solely for 
the purpose of tracking marker alleles in rela
tion to the BWS phenotype and not to estab
lish linkage (which has previously been shown 
[4]). The genotypes for phins214 are shown 
on the pedigree in fig. 1. Tight linkage of BWS 
to the lip 15.5 region was confirmed by a 
maximum LOD score of 2.74 at a recombina
tion frequency of 0.00 (table 1).

Recombination fractionse
0.00 0.05 0.10 0.20 0.30 0.40

2.74 2.52 2.29 1.80 1.26 0.66Z

A model involving maternal imprinting 
has been proposed by Henry et al. [15] to 
explain observations of uniparental paternal 
disomy and lip 15.5 trisomy (with paternal 
disomy) in sporadic BWS patients. A growth- 
promoting substance is presumed to be coded 
for by that BWS gene which is maternally 
imprinted. In the model of Henry et al. [15], 
paternal disomy would effectively result in a 
double dose of the active paternal growth fac
tor gene product resulting in phenotypic over
growth, typical of BWS. In this regard the 
insulin-like growth factor gene (IGF2) has 
been implicated as the candidate for BWS 
[16]. The IGF2 gene located at 1 lpl 5.5 on the 
human genome occurs on a syntenically ho-

Discussion

Normal growth and development in organ
isms is due to a fine balance between the 
activities of growth enhancers and suppres
sors. It is likely that the BWS phenotype is the 
result of one or a combination of several 
mechanisms affecting the functioning of 
either a growth stimulant or a growth suppres
sor. A defective or absent growth suppressor 
is likely to result in generalized overgrowth. 
On the other hand any duplication of the 
functional gene for a growth enhancer is also 
likely to produce generalized overgrowth.

ill



mologous region of the mouse genome and 
has been observed to be maternally imprinted 
in laboratory mice [17, 18].

We have reviewed the literature and, in 
contrast to the above model, showed that 
paternal imprinting is likely to account for the 
abnormal pattern of inheritance in 26 of the 
29 previously reported BWS kindreds [3]. 
Our data supported the theory of maternal 
transmission in familial BWS suggested by 
Koufos et al. [4], In the present article, using 
informative RFLP markers to show the pas
sage of the BWS allele in the South African 
family, we further argue in favour of paternal 
imprinting of a growth suppressor as a cause 
of familial BWS. The two RFLP markers used 
(phins214 and pbc-Nl) showed no recombi
nation with the disease locus. However, only 
results for the more informative probe, 
phins214, are shown in figure 1 and will be 
discussed here. As shown in figure 1, a single 
allele (B) segregates from the carrier, 1-2, to 
each of the affected individuals through a 
non-manifesting parent. This apparent lack of 
penetrance in the obligate carriers in genera
tion II (II-2 and II-8) is consistent with our 
theory that paternal imprinting of the defec
tive (B) BWS allele results in no apparent 
effect on the phenotype of carriers in genera
tion II.

The postulated growth suppressor, also lo
cated in the 1 lpl5.5 region, would always be 
functional only on the maternal gene, and 
would be required in a single dose in order to 
regulate cell growth. The paternally derived 
allele would be expected to be non-functional. 
In this way a defect in the usually active 
maternally derived allele would give rise to 
the production of a defective or non-func
tional growth suppressor, resulting in a phe
notype of generalized overgrowth, as in 
BWS.

paternal disomy in sporadic BWS patients, 
since any allele at the proposed ‘growth re
pressor’ BWS locus of paternal origin is im
printed. This factor would result in lack of 
suppressor function in paternal disomies 
(whether isodisomic or heterodisomic) and an 
affected individual would have features of 
generalised overgrowth. In addition to the 
lack of growth suppressor in individuals pa
ternally disomie for 1 lpl5.5, the IGF2 gene 
would be present in a paternally active double 
dose, as proposed by Henry et al. [15].

The model proposed here also accounts for 
the apparent higher penetrance in individuals 
born to female carriers, as is evident in the 
family described in this study. Although de
creased fecundity in transmitting males is a 
factor, as demonstrated by Moutou et al. [ 19], 
the reported excess of female carriers in BWS 
is very likely to be due to the expression of the 
defective BWS allele only in offspring inherit
ing the allele from their mothers; inheritance 
of a paternally derived defective gene (which 
is imprinted, anyway) in offspring will not 
produce any phenotypic effect. Therefore, as 
with individual 1-2 (and II-11) in the reported 
family, a non-manifesting carrier male could 
only be identified as such through the off
spring of his (phenotypically normal carrier) 
daughters.

Although we have not addressed the issue 
of BWS-associated tumors, the observation of 
consistent maternal allele loss in tumors asso
ciated with BWS may support the hypothesis 
of a normal functional maternal allele being 
required for a normal phenotype.

Rather than BWS being due to the effect 
exclusively of one gene, e.g., a growth factor as 
suggested previously, a likely scenario is that 
two closely located genes are involved in the 
aetiology of BWS as suggested by Little et al. 
[16], one coding for a growth suppressor, 
which is paternally imprinted and another 
coding for a growth stimulator, which is ma-

Our model is also consistent with the ob
servation of Henry et al. [15] of uniparental
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In summary, our linkage data and review 
of familial cases strongly suggest paternal im
printing in BWS. Acceptance of this hypothe
sis allows clear genetic counselling for indi
viduals in some BWS families. In addition, 
the highly polymorphic loci which are very 
tightly linked to the BWS locus make possible 
precise antenatal diagnosis of pregnancies in 
clinically normal female carriers.

ternally imprinted. Two such candidate genes 
are the insulin-like growth factor 2 (IGF2) 
gene, which is a paternally active growth en
hancer gene, and nearby, a recently located 
maternally active growth suppressor gene, 
HI9 [20]. Reciprocal imprinting of different 
parental alleles of one or other of these two 
loci would explain the apparent paradoxical 
mechanisms of maternal imprinting in spo
radic BWS and the converse in familial cases 
of BWS. It has been shown that mice embryos 
paternally disomie for the chromosomal re
gion homologous to human llpl5.5 exhibit 
overgrowth, and those that are maternally di
somie for this region are growth retarded
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