








Parental allele specific methylation of the human insulin-like growth factor II gene
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Figure 4 Southern blot analysis of control leucocyte DNA digested with AvaII, using the IGF-II cDNA probe
(exons 7, 8, 9) and exon 7 (A) or exon 9 (B) specific probes. (1) Homozygote for the 0 9 kb fragment,
(2) homozygote for the 1 1 kb fragment, (3) heterozygote for the 0 9/11 kb fragments.
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of the polymorphic determine whether abnormalities were
n). In the case of the implicated at the insulin/IGF-II locus. Leuco-
ligestion with TaqIl cyte DNA was analysed in the 29 patients
morphic fragments listed in table 1, 20 of whom were diagnosed as
those obtained after having Beckwith-Wiedemann syndrome (Pl-
tal demethylation of P19, including P3CI and P3C2). In addition,
allele specificity for samples of tissue DNA (following partial
ts studied (fig 5). glossectomy or tumorectomy) were examined

when they were available. AvaIl, SacI, and
TaqI were used to analyse the restriction frag-

IGF-II LOCUS IN ment length polymorphisms (RFLP) at the
-WIEDEMANN insulin/IGF-II locus as mentioned above. For

the calcitonin gene, a control gene distal to the
with Beckwith-Wie- insulin/IGF-II locus, TaqI was used. Where
nalysed in order to possible, the study was extended to family

analyses.
Among the 29 patients examined, seven

F e. e ia were homozygous for the insulin/IGF-II locus
and therefore non-informative (P4, P6, P10,
P20, P22, P26, and P27) (data not shown). Out

* of the 22 informative cases, five exhibited
profiles with abnormalities (P1, P3C1, P3C2,

_e am 3 P9, and P24, as described in detail below and
in table 2) and the remaining 17 had normal
heterozygote profiles for either the IGF-II
gene (P2, Pll, P13, P15, P16CI, P16C2, P18,
P19, P21, P23) or the insulin gene (P5, P7, P8,
P12, P14, P16C1, P17, P18, P19, P23). Allele
frequencies of AvaII and Sacl RFLPs at the
IGF-II gene were the same as those of the
control population, both in the group of 15
unrelated children with Beckwith-Wiedemann

i syndrome and in the group of 19 cases con-
sidered to have complete or incomplete Beck-
with-Wiedemann syndrome (table 3). Fur-
thermore, if the four contiguous loci, AvaII,
Sacl for the IGF-II gene, and TaqI, SacI for
the insulin gene, were taken together, the
numbers of homozygotes and heterozygotes
were no different from the controls (table 4).

In four out of the 16 cases with Beckwith-
Wiedemann syndrome (P1, P3CI, P3C2, and
P9) abnormal heterozygote profiles were
detected for the insulin/IGF-II locus. These

s of control leucocyte are represented in table 2 and shown in fig 6
ng the calcitonin cDNA
r* F, father; M, mother; where disproportionate allele intensities were

detected, suggesting uniparental disomy for
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Table 2 Genotypes of some patients with either Beckwith-Wiedemann syndrome or isolated tumours. Southern blot
analysis of the IGF-II gene (AvaII and SacI), insulin gene (SacI and TaqI), and calcitonin gene (TaqI).

IGF-II Insulin Calcitonin

Restriction endonuclease AvaII SacI Sacl TaqI TaqI
(alleles (kb)) A: 1-1 A: 10 0 A: 7-5 A: 5 6 A: 8-0

B: 0 9 B: 7-6 B: 6 0 B: 4 5 B: 6 5

Patient Associated
tumour

Patients with P1 F A/A BR'B A B A,B AA
complete forms of M A/B A/B BRB B B BB
Beckwith-Wiedemann C Alb a,'B A b A/b A/B
syndrome To A,b a'B A/b ANb A B

Tu A/A B!B A A A A A B Nephroblastoma
Nk A,/b b/B A!/b A/b A B

P3 F AA B B B1B B/B A,B
M A/B A/B A, B A iB B,B
Cl A/b a,,B a B alB B B Ganglioneuroma*

C2f A,b a'B a B a'B BB'B Bilateral
C2 A,tb a,B a B a 'B B,'B nephroblastoma*

P9 F A,'B AB B,B B'B A A
M A:B A B A'B B B
C A,B A/B A)B A B AIB
To a/B A/b a,B a B A'B

Patient with P24 M B/B B B B B B/B
isolated tumour C A/'B A/B B, B B/B B/B Adrenocortical

Tu A/b a/B B,'B B/B B:B carcinoma

F= father. M = mother. C = affected child. To = tongue tissue after partial glossectomy. '1'u = tumour after tumorectomy.
Nk = normal kidney.
Cl and C2 were two affected children from the same family (see table 1), C2f being a fetal sample from the child C2.
Alleles are represented as A and B.
A/b or a/B: disproportionate profile, the less abundant allele being printed in lower case.
* Tissue not available.

the insulin/IGF-II locus. In the nephroblas-
toma of P1, the maternal allele (09kb) was
totally missing (fig 6). Allele loss was also
detectable in leucocyte DNA in P1, but a
heterozygote profile with disproportionate
intensities was visible in tongue (fig 6) and
healthy kidney tissue (data not shown). In
P3C1 and her brother, P3C2 (in fetal P3C2f
and newborn P3C2 leucocyte DNA), hetero-
zygote profiles were detectable, but allele
intensities were also disproportionate (fig 6).
P9 had a normal heterozygote leucocyte DNA
profile, but a disproportionate profile for

Table 3 Allele frequencies of AvaII and SacI polymorphismis at the IGF-II locus
(1Ip15.5) in Beckwith-Wiedemann syndrome patients.

AvaIl Sacl

Alleles A: 1 1 kb B: 0 9kb A: 10-0kb B: 7 6kb

Complete forms of
Beckwith-Wiedemann 70 0% 3000% 36-7% 63-3%
(n= 15)
Complete and incomplete forms of
Beckwith-Wiedemann 68-4% 31-6%/6 36-8% 63 2%
(n= 19)
Controls* 75.0% 25 0% 35 0% 6500%
(n= 37)

* Control population previously reported.'5

Table 4 Homozygote and heterozygote frequencies of
four RFLPs associated with Beckwith- Wiedemann
syndrome, insulin (TaqI,SacI) and IGF-II
(SacI,AvaII) loci taken together.

Frequency of Frequency of
homozygosity heterozygosity

Complete forms of
Beckwith-Wiedemann 20% 80%
(n = 15)
Complete and incomplete
forms of
Beckwith-Wiedemann 16% 84%
(n = 19)
Controls* 18% 82%
(n = 34)
* Control population previously reported for the four contigu-
ous loci (insulin/RsaI, insulin/HindlIl, IGF-II ISacI, IGF-II/
Aval 1).36

tongue tissue (fig 6). In addition, a 0 5 kb
fragment was detected in tissue samples (ton-
gue and tumour) after AvaII digestion, as
previously detected in a number of other tissue
samples.'" This was attributable to a specific
AvaII site being methylation sensitive,
depending on the tissue concerned (fig 1).
Among the four children with isolated tu-

mours (P24-P27, table 1), tumoral DNA was
available in only one case, P24, and an abnor-
mal profile with disproportionate intensity was
detected for the insulin/IGF-II locus (table 2).
For this particular patient, the similar abnor-
mal profile was detected in the adrenocortical
carcinoma, but not in leucocyte, DNA (fig 6).

For these five patients (P1, P3C1, P3C2, P9,
and P24, table 2), family analyses always
showed a maternal origin of the partially or
totally missing allele. The disproportionate
profiles were located only at the insulin and
IGF-II loci and did not extend to the calcit-
onin gene which, in the informative cases,
exhibited a normal profile (patients P1 and P9,
table 2).

IGF-II MRNA EXPRESSION IN TISSUE MATERIAL
FROM PATIENTS WITH BECKWITH-WIEDEMANN
SYNDROME
IGF-II mRNA expression was analysed in the
tissues available to determine whether any
disregulation was involved. On average, IGF-
II mRNA expression, measured by dot blot
analysis in the tongue tissue of the eight
patients having undergone partial glossectomy
(P1, P6, P7, P8, P9, PlO, P14, P20), was
similar to that in normal adult liver used as a
reference (fig 7A and B). In addition, there was
no significant difference between the two cases
of macroglossia where uniparental disomy had
been detected (P1 and P9) and the others
analysed. Moreover, the usual 6, 4 8, and
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Figure 6 Southern blot analysis ofgenomic DNA digested with AvaII using IGF-II cDNA as probe for patients
Pl (Tu: tumour, To: tongue, C: leucocytes), P3 (Cl: leucocytes, C2f: fetal leucocytes, C2: newborn leucocytes),
P9 (C: leucocytes, To: tongue), and P24 (Tu: tumour, C: leucocytes).
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Figure 7 Dot blot analysis of IGF-II mRNA expression in tongue tissue (Pl, P6-PlO, P14, P20) from patients
with macroglossia and in an adrenocortical carcinoma (P24). In each experiment normal adult liver (L) was used
as internal control. Exposure time: A = six days, two intensifying screens; B =four days, one intensifying screen;
C= 16 hours, two intensifying screens.

2-2 kb IGF-II mRNAs were detectable by
Northern blot analysis (data not shown).

In the two samples of tumour tissue avail-
able, IGF-II mRNA expression could not be
measured in the nephroblastoma of P1, who
was undergoing chemotherapy at the time of
surgery (data not shown), but in the adreno-
cortical carcinoma of P24, who was not under
chemotherapy, extremely high levels of IGF-
II mRNA expression were found (fig 7C).

ALLELE SPECIFIC METHYLATION IN PATIENTS
WITH BECKWITH-WIEDEMANN SYNDROME
In order to determine whether allele specific
methylation of leucocyte DNA may be linked

to the Beckwith-Wiedemann syndrome,
double digestion experiments were done and
comparisons made with the control popula-
tion. This type of analysis was possible only
for subjects with heterozygous profiles for
AvaII for the IGF-II gene. In 11 of these
patients (P1, P3C1, P9, P11, P13, P15, P16C1,
P18, P19, P21, P23), the patterns were similar
to those for the control population, indicating
that only one allele was hypomethylated (data
not shown). In only one case (P2) did both
alleles remain methylated (fig 8). In the five
informative families of Beckwith-Wiedemann
syndrome patients (P1, P2, P3, P13, and P19)
specific hypomethylation was always found for
the maternal allele (data not shown), as had
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leucocyte DNA still exhibited allele specific
hypomethylation, only the 1 1 kb allele in P9
or the 0 9 kb allele in P13 being demethylated
(fig 9). For P24, without Beckwith-Wiede-

"WI~ mann syndrome, both alleles of the adrenocor-
tical carcinoma DNA were hypomethylated
(fig 9). These preliminary findings for DNA
methylation in the tissues of four informative
subjects showed a difference between leuco-
cyte and tissue DNA in patients with Beck-
with-Wiedemann syndrome and the patient
with an embryonic tumour, whereas allele spe-
cific demethylation in control tissues (placenta,
peritumoral adult kidney tissue) was similar
to that in control leucocyte DNA (data not
shown).

Figure 8 Southern blot analysis of patient P2 leucocyte
DNA digested with AvaII or AvaII/HpaII, using
IGF-II cDNA as probe. M, mother; C, affected child.

previously been observed for the control popu-
lation.
None of the patients or families investigated

for the insulin and calcitonin genes showed
any allele specific demethylation at least in the
region of the polymorphic fragments. Here,
too, the patterns were the same as those for the
control population: partial demethylation of
both alleles for the insulin gene and total
demethylation of both alleles for the calcitonin
gene (data not shown).
Where possible, tissue samples from

informative subjects were also analysed (ton-
gue samples from P1, P9, P13 with macroglos-
sia, and tumour samples from P1 and P24), as
shown in fig 6. For P1, IGF-II DNA
demethylation was evident in tongue and tu-
mour DNA (as indicated by the presence of the
0 8, 0 7, and 0 3 kb fragments, fig 9). However,
the parental origin of the demethylated alleles
could not be confirmed because of the extens-
ive disproportion of the alleles (fig 6). For this
patient, P1, it was possible to show with
AvaII/HpaII digestion that the 09 kb frag-
ment (which was maternal, table 2) was still
present in tongue tissue, indicating that the
shorter fragments were in part paternal (fig 9).
In P9 and P13, both alleles (1 1 and 0 9 kb) in
tongue tissue were demethylated, whereas

_;ANAMW*
_04af_

Discussion
Allele specificity of human IGF-II gene
methylation as related to parental origin has
been investigated in both a control population
and patients with Beckwith-Wiedemann syn-
drome where the IGF-II gene is thought to
play a role.' 229 Differential parental imprinting
of the IGF-II gene has been shown in the fetal
mouse,'8 but the molecular mechanism re-
mains an enigma, despite transgenic studies
suggesting that DNA methylation may be
involved.30
Our analyses of control leucocyte DNA

methylation in the IGF-II gene have shown
that allele specificity does indeed exist, since
only one allele was demethylated in all cases.
Family analyses showed that the hypomethyl-
ated allele was always maternal, which means
that allele specific hypomethylation at the
IGF-II gene is linked to parental origin.
Moreover, allele specificity of methylation in
the 1ipl5 region of the chromosome was
limited to the IGF-II locus (llpl5.5). The
phenomenon was not observed either at the
insulin gene3' (this study) or at the calcitonin
gene (this study), both alleles being demethyl-
ated simultaneously, either partially (insulin)
or totally (calcitonin) in the area studied.
Finally, we found the sites involved in this
allele specific methylation of the IGF-II gene
to be situated in the region of exon 9.

In their homologous recombination studies
of transgenic mice which were heterozygous

a
ad

Figure 9 Southern blot analysis of genomic DNA digested with AvaII/HpaII, using IGF-II cDNA as probe, for
patients PI, P9, P13, and P24. C= leucocytes from affected child, To= tongue, Tu= tumour (Pl: neuroblastoma,
P24: adrenocortical carcinoma). The AvaII patterns for the same patients are shown in fig 6.
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for the mutant gene, DeChiara et al"8 showed
that only the paternal allele of the IGF-II gene
was expressed embryonically, whereas the
maternal allele remained silent. Our observa-
tions indicate that in man, allele specific
methylation of the IGF-II gene varies with
differential parental imprinting, the maternal
allele being hypomethylated and the paternal
allele methylated. The allele specific IGF-II
gene methylation may be linked to mRNA
expression, demethylation of a gene frequently
being associated with expression.32 Neverthe-
less, our results suggest that the paternal allele
is methylated at IGF-II exon 9 and is associ-
ated with expression of the paternal allele.
This, as DeChiara et all8 proposed, may reflect
negative imprinting, expression of a specific
trans acting repressor inhibiting expression of
the maternal, and thereby allowing expression
of the paternal, allele.
We also examined the possibility of genetic

abnormalities accounting for the Beckwith-
Wiedemann syndrome. Southern blotting ex-
periments using enzymes which show RFLPs
showed that in these patients (table 1) no major
chromosomal anomalies (like deletion or
amplification) occurred in the lp 15 region.

Loss of heterozygosity has been described in
tumours where the short arm of chromosome
11 (1 lpl3-ll pl 5) is involved,33 and particu-
larly in Wilms' tumour.34 35 Henry et al 36
reported increased leucocyte homozygosity in
patients with the Beckwith-Wiedemann syn-
drome as compared to controls, but our find-
ings do not support this, as we found the same
frequency of homozygosity in the two groups37
(tables 3 and 4). This discrepancy may be
explained by the fact that some apparent allele
losses in fact reflect mosaics with grossly dis-
proportionate alleles, which simulate homozy-
gosity in some patients (as in patient 1, fig 6).
Among the 'complete' Beckwith-Wiedemann
syndrome patients examined in this study,
three (P1, P3C1, P9) out of 15 unrelated sub-
jects (20%) (and four out of 16 when including
P3C2) exhibited total allele loss or marked
disproportion, and in all of them the maternal
allele was lost (or very diminished) making
duplication of the paternal allele possible.
Uniparental disomy is probably only one of
the mechanisms that accounts for Beckwith-
Wiedemann syndrome. Among the cases of
paternal isodisomy (P1, P3C1, P9), two out of
three unrelated children developed tumours
(66%). A malignant tumour rate of 7 5% has
been reported for Beckwith-Wiedemann syn-
drome.5 The high rate found in cases of
uniparental disomy (with a disproportionate
pattern) could be important in genetic coun-
selling as regards the risk of tumour in Beck-
with-Wiedemann patients. Nevertheless,
uniparental disomy has also been seen in non-
tumoral tissue (enlarged tongue and leuco-
cytes), which means that allele loss is not
always accompanied by tumour formation in
these particular tissues37 (this study). For two
patients (P1 and P9), we were able to show that
the mosaic disomy was limited to the distal 1 Ip
region (calcitonin not included). The presence
of disproportionate allele intensities was

probably the result of mosaicism for two types
of cell, the normal (with normal heterozygote
DNA) and the paternal isodisomy cells. This
therefore concerns a post-zygotic event, with
mitotic recombination, and indicates a low
recurrence risk for a second child in a Beck-
with-Wiedemann syndrome family. It also
throws some light on the genetic mechan-
ism involved. The recurrence of somatic mo-
saicism in the two sibs (P3C1 and P3C2)
was highly improbable and suggests that an
abnormal paternal 1 ipi5 chromosome was
transmitted.
As in the control population, allele specifi-

city of IGF-II gene methylation was observed
in leucocyte DNA of patients with Beckwith-
Wiedemann syndrome. Hypomethylation of
the maternal allele and methylation of the
paternal allele were seen in both groups. In
only one case, P2, were both constitutive leu-
cocyte alleles abnormally methylated, whereas
insulin and calcitonin gene methylation resem-
bled that of normal controls. Here, both IGF-
II alleles could have been submitted to similar
paternal imprinting, suggesting a mechanism
different from loss of the maternal allele with
paternal duplication.

Tissue (tongue or tumour) DNA methyla-
tion in patients with Beckwith-Wiedemann
syndrome proved to be different from leuco-
cyte DNA methylation. In these patients the
paternal allele of the IGF-II gene was
demethylated, whether or not loss of heterozy-
gosity had occurred. The abnormal paternal
allele methylation may therefore be specific to
children with Beckwith-Wiedemann syn-
drome and embryonic tumours.
Our study indicates that there is a link at the

level of the adult human IGF-II gene between
methylation and differential parental imprint-
ing. It may be that methylation is involved in
uniparental disomy and hence in the patho-
genesis of Beckwith-Wiedemann syndrome.
Finally, the exon 9 region of the IGF-II gene,
where parental allele specific methylation is
found, may play a role in regulating IGF-II
gene expression.
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