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Evidence for paternal imprinting in familial
Beckwith-Wiedemann syndrome

Denis Viljoen, Rajkumar Ramesar

Abstract

A previously unreported family in which
seven members in two generations have
Beckwith-Wiedemann syndrome (BWS)
is documented. Paternal imprinting of
the gene responsible for BWS is involved
as the mechanism responsible for the
aberrant inheritance pattern in this
kindred. A review of published reports
showed 27 previously published pedi-
grees with two or more affected subjects
with BWS. Paternal imprinting would
explain the non-mendelian inheritance of
BWS in all but four kindreds. The latter
families are examined in more detail and
in only one example is the evidence
against imprinting totally unexplained.

Beckwith-Wiedemann syndrome (BWS) is
characterised by variable clinical manifesta-
tions consisting of gigantism, macroglossia,
exomphalos, visceromegaly, hemihypertro-
phy, earlobe grooves or pits, and occasional
hypoglycaemia. Pathological features include
hypertrophy or dysplasia of the islet cells of
the pancreas, adrenal cortex, kidney, and liver,
and a tendency to develop embryonal tu-
mours.! Several hundred cases of BWS have
been reported, most of which have occurred
sporadically. At least 27 kindreds with BWS
have been published where two or more sub-
jects are affected.”?

In familial BWS the mode of inheritance is
uncertain and various proposals include auto-
somal recessive,!'' 2 gutosomal dominant,?2!%
multifactorial,?2%?’" and autosomal dominant
sex dependent inheritance.'* Chromosomal
duplications of the 11pl15.4 region have also
been associated with the BWS phenotype,? as
have persons with 11pll and 11pl3 dele-
tions.?*%

Genetic imprinting has recently been
implicated in the irregular inheritance patterns
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Figure 1 Pedigree of South African kindred with familial BWS.

found in several disorders.>' 2 It can be defined
as the functional difference between mater-
nally and paternally derived chromosomes or
their constituent parts. Imprinting may mani-
fest through differential patterns of methyla-
tion and this mechanism is thought to account
for the phenotypic differences in Prader-Willi
and Angelman syndromes* and for the
phenomenon of ‘normal transmitting males’ in
the fragile X syndrome.* Genetic imprinting
has been proposed to explain the non-mende-
lian pattern of inheritance in familial BWS.3!3

We describe a further family in which seven
subjects in two generations have BWS. In
addition, 27 previously published pedigrees
of familial BWS have been reviewed and
concordance with the imprinting hypothesis
has been found in all except four kindreds.
The case for imprinting in such families is
discussed in this paper.

Family study

The pedigree of the family under investigation
is illustrated in fig 1. Two phenotypically
normal half sisters (patients I1.2 and I1.8) who
have a common father (I.2) have each pro-
duced three offspring with the characteristic
clinical manifestations of BWS. Two affected
boys (II1.2 and II1.5) died in early infancy.
They showed conclusive evidence of the dis-
order at necropsy. The remaining five affected
relatives are all female, the oldest of whom
(IT1.4) has had a daughter with BWS. The
latter pregnancy was carefully monitored and
prenatal diagnosis based on the ultrasono-
graphic findings was performed and has been
previously reported.?

The clinical manifestations of seven affected
subjects are summarised in the table. The
features most frequently found were macro-
somia, macroglossia, and umbilical hernia.
Creased ear lobes were evident in a few sub-
jects, but ear lobe pits, omphalocele, hemi-
hypertrophy, and hypoglycaemia were not
features in our patients. Visceromegaly was
noted in infancy but like hypertrophy of the
tongue, these features became less pronounced
in late childhood and reverted to normal in
early adolescence. The clinical manifestations
of patients III1.4 (as an infant) and III.14,
II1.16, and II1.19 are shown in figs 2 and 3,
respectively.

Discussion

Seven members of the kindred described in
this paper undoubtedly have BWS, with
severe macroglossia representing the most
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Clinical manifestations of BW'S patients.
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Pedigree Sex Birth Age at Height Umbilical Macroglossia Ear Other

No weight (g) examination (cm) anomaly lobe features

I11.2 M 3765 Died at 5 days 46 + ++ - Septicaemia,

kernicterus

I11.4 F 4886 21y 179 + + + Gigantism, typical
facies

1115 M 1540 Stillborn at 28/52 - + + - -

gestation

I11.14 F 4540 16y 169 - + + Typical facies

II1.16 F 4800 10y 177 - + + Gigantism, typical
facies

I11.19 F 5300 5w 645 + ++ +

V.1 F 5300 18 mth 87 + + + + Typical facies,

gigantism

Figure 2 Patient 111.4 as a neonate with signs of
BWS.

.. “

Figure 3 Three sisters (patients I111.14, 111.16, and I111.19) with the typical facies of

BWS.

consistent clinical manifestation. The addi-
tional features of macrosomia, high birth
weight, umbilical anomalies, creased ear lobes,
and gigantism clinch the diagnosis. No in-
stances of omphalocele, hemihypertrophy, or
hypoglycaemia were recorded. The intrauter-
ine ultrasonographic appearances of patient
IV.1, which have been previously reported,?
included visceromegaly affecting the liver and
kidneys, macrosomia, and macroglossia.

Difficulty was experienced in providing gen-
etic counselling to this kindred, as the disorder
appeared to be segregating as an irregular
dominant trait. A computerised search of
medical publications was made in order to gain
insight into estimations of genetic risk for
future pregnancies. Twenty-seven previously
published pedigrees of familial BWS were eli-
cited in which two or niore subjects were
affected. These are depicted in fig 4 and the
separate kindreds labelled from A to W. Isol-
ated twin pregnancies were not included for
analysis.

Several different descriptions of inheritance
patterns in BWS have been reported pre-
viously. The original suggestion of autosomal
recessive inheritance of Wiedemann® and
Beckwith?* was supported by subsequent re-
ports.'!! Several authors??8!2!4 ascribed an
autosomal dominant mechanism to BW'S while
multifactorial inheritance may have played a
role in families described by Wiedemann,”
Gardner,?? and Berry et al.?® Niikawa et al,2in a
review of previously published pedigrees,
strongly favoured autosomal dominant in-
heritance with variable expressivity to account
for the inheritance anomalies.

Lubinsky ez al'* proposed that autosomal
dominant sex linked transmission could ac-
count for the inheritance pattern. These
investigators postulated a ‘two mutation’
hypothesis in which the first mutation is trans-
mitted in a dominant fashion and could involve
a person of either sex, but who was pheno-
typically normal. The second mutation only
occurred in the offspring of normal female
carriers and the possibility of ‘ovum mediated’
expression of the disorder was hypothesised.
Until recently, the ‘two mutation’ theory was
generally accepted as the most probable
explanation of the aberrant inheritance pattern
in BWS.

Another rare association with BWS is
duplication of the chromosome 11pl5.5 re-
gion. The defect has been shown cytogeneti-
cally?®-3°3¢35 and by molecular means.*3¢ Dele-
tions of the 11p11% and 11pl3 regions® have
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also been found in subjects with BWS. In most
instances, mental retardation or congenital
cardiac defects or both occurred, in the main
sporadically. These features were not present
in affected subjects in our family who were
cytogenetically normal.

Increasingly, genetic imprinting has been
postulated as the explanation for irregular or
non-mendelian inheritance patterns in several
unrelated disorders.>** Koufos et al® and
Hall* suggested that BWS and several other
conditions such as glomus cell tumours, famil-
ial Wilms’ tumour, and familial retinoblastoma
may represent disorders where gene imprint-
ing has occurred. Using this postulate, pater-
nal imprinting of the BWS gene is the most
likely explanation of the inheritance pattern
seen in our family. If this scenario applied, the
progenitor (patient 1.2), who is phenotypically
normal, would be a carrier for the imprinted
gene and have a 50% chance of passing it on to
his progeny, all of whom would lack stigmata
of BWS. According to the hypothesis, a
change of the imprint status of the BWS gene
would occur in the germ line of female carriers
(patients II1.2 and I1.8), and their own chil-
dren, both male and female, would have a 50%
risk of phenotypically manifesting the disorder
(that is, 100% of gene carriers would be affec-
ted). Generation to generation transmission
through affected females could occur, as
between patients I11.4 and IV.1, as the extant
imprint status would be maintained. However,
the imprint status of the BWS gene would be
reversed in the germ line of affected or carrier
males so that their progeny have a 50% risk of
being carriers, but phenotypically normal.

A search of published reports has produced
27 kindreds of BWS patients (fig 4). The
pedigrees have been reconstructed for the pur-
poses of this paper indicating presumed male
and female carriers in order to indicate the
possibility of paternal imprinting. In all except
four pedigrees (labelled K, N, O, and U family
1), the pattern of inheritance is consistent with
paternal genetic imprinting. One family which
does not conform in this way was reported by
Sommer et al'® (pedigree N). If the male in
generation I is imprinted, then patients 1.3 and
I1.15 are inconsistent with the proposed
hypothesis. A possible explanation is that both
latter subjects, who were not clinically
appraised by the authors, did not have BWS.
Indeed, minor abdominal wall defects only
were described (possible umbilical hernias).
The remaining members of this kindred would
fit the hypothesis of autosomal dominant in-
heritance and paternal imprinting.

Another previously published pedigree
which was completely at variance with pater-
nal imprinting as the mechanism of inheritance
of familial BWS is that of Matsuura et al'
(pedigree K). There is no plausible explana-
tion for the inheritance pattern in this kindred
in which three ostensible carrier males (II.1,
11.9, and II.12) have produced affected off-
spring.

In the family reported by Ben-Galim et al®
(pedigree O), ear creases were said to be pres-
ent in patient 1.1 (the father). However, he had
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no other stigmata of BWS and it is more
probable that patient 1.2 was the carrier of the
deimprinted BWS gene which then became
manifest in her progeny.

Another kindred in which an ostensibly af-
fected male (I1.5) is at variance with paternal
imprinting was published by Niikawa et al?
(pedigree U, family 1). This man had pre-
viously died and was not investigated by the
authors. He had minimal signs of BWS
according to the historical data collected. If
this subject is excluded as being affected, the
inheritance pattern is consistent with the
imprinting hypothesis.

In conclusion, the retrospective published
data and the kindred described in this paper
provide strong supportive evidence for pater-
nal imprinting in all but one instance of famil-
ial BWS. Acceptance of this hypothesis allows
clear genetic counselling for subjects in BWS
kindreds. In our family, five females in genera-
tion III are affected and they are all at a 50%
risk of producing affected progeny. Both
female carriers (patients 1I.2 and II.8) are
similarly at risk should they have further off-
spring. No living males remain in generation
III, but hypothetically such subjects would
have a 50% chance of producing offspring who
are carriers of BWS. Prenatal diagnosis is then
feasible by ultrasonography®#?3” for any sub-
ject at risk, or through RFLP analysis.?®> The
exact mechanism of imprinting in BWS is
unknown at present but the possibility of dif-
ferential methylation of the 11p15.5 region is
currently being investigated using VNTR
polymorphisms for that chromosomal region.
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