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activation1,5–7 of Kit (Fig. 2a,b), and Ba/F3
cells carring the mutated Kit grew auto-
nomously in culture (Fig. 2c,d) and in
nude mice (Fig. 2e).

A woman has been described8 with
leiomyomatosis and a leiomyosarcoma
which arose from a leiomyoma; she also
showed hyperpigmentation of the per-
ineal skin. We consider the tumours to be
benign and malignant GISTs. A family
affected with multiple gastrointestinal
tumours, which appeared to be benign
GISTs, has been reported9; affected mem-
bers also suffered from urticaria pigmen-
tosa or systemic mast-cell disease. Cases 5
and 10 of the family studied here reported
the presence of hyperpigmentation in the
perineum, although this was not verified
by examination (permission not granted).
As KIT is important in the development
and malignant transformation of mela-

nocytes and mast cells10–15, we suggest
that hyperpigmentation and mast-cell
hyperplasia observed in these families may
also be attributable to gain-of-function
mutations of the KIT gene.
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In a recent article in Nature Genetics1, 
Tilghman et al. propose an enhancer-

competition model to explain genomic
imprinting in the Prader-Willi/Angelman
syndrome (PWS/AS) region on human
chromosome 15. The key elements of this
model are as follows: (i) the minimal
imprinting centre (IC) region deleted in
AS patients with an imprinting defect
(AS-SRO) is extensively methylated in the
female germ line and induces post-fertil-
ization spreading of DNA methylation
along the maternal chromosome; (ii)
the minimal IC region deleted in PWS
patients with an imprinting defect (PWS-
SRO), which contains the SNRPN pro-
moter, functions in the soma to maintain
the entire PWS region in an unmethylated
state; (iii) SNRPN and the AS gene
(UBE3A) compete for a neuronal en-
hancer. The authors claim that their
model is simpler than the model proposed
by Dittrich et al.2, which suggests that
maternal imprinting requires the AS-SRO
in cis and an XX-specific factor in trans,
and that the PWS-SRO is the ‘imprint
switch initiation site’.

We have investigated the methylation
status of the AS-SRO, which is 1.15 kb in
size and contains 16 CpG dinucleotides
(ref. 3; Fig. 1a,b). As shown by Southern
analysis with the methylation-sensitive

restriction enzymes HpaII and CfoI
(Fig. 1c,d) and by sequencing of bisulfite-
treated genomic DNA (Fig. 2), the AS-
SRO is extensively methylated (83−87%)
on both maternal and paternal chromo-
somes in healthy (Fig. 2a,b), PWS (Fig. 2c)
and AS (Fig. 2d) individuals. There is a low
degree of mosaicism, but no parent-of-
origin specific methylation. Thus, the cen-
tral statement of Tilghman et al. claiming
that the AS-SRO region is specifically

methylated in the maternal germ line is
not in agreement with experimental
results. In contrast, Shemer et al.4 have
obtained experimental evidence that dif-
ferential methylation of SNRPN represents
the primary epigenetic mark.

Furthermore, Glenn et al.5 and Buiting
et al.6 have demonstrated that CpG dinu-
cleotides in intron 7 of the human SNRPN
gene and 15 kb upstream of the AS-SRO
(Y48.5) are methylated on the paternal

Fig. 1 Physical map of the imprint-
ing centre and methylation status
of HpaII and CfoI sites. a, EcoRI (E)
restriction map. Filled boxes, exons;
open box, Y48.5. b, Physical map.
The AS-SRO contains 16 CpGs (filled
circles), one of which is polymor-
phic (*). CpGs indicated by an
arrow are part of MspI/HpaII (M/H)
or CfoI (C) sites. c, Methylation
analysis of the HpaII site. DNA sam-
ples from normal controls, PWS
patients with a paternal deletion
15q11−q13 and AS patients with a
maternal deletion 15q11−q13 were
cleaved with BglII (B) or BglII+HpaII
(BH) and probed with IC1/3. In each
of the DNA samples, BglII frag-
ments were resistant to cleavage by
HpaII. d, After cleavage with MspI
(M) or MspI+CfoI (MC), the probe
detected the same fragment in
each of the samples, in other
words, both CfoI sites were resis-
tant to cleavage.

a

b

c d

Japan. 5Division of Pathology, Kinan General
Hospital, Tanabe, Japan. 6Department of
Surgery, Kitano Hospital, Osaka, Japan.
Correspondence should be addressed to T.N.
(e-mail: toshin@surg1.med.osaka-u.ac.jp).

1. Hirota, S. et al. Science 279, 577–580 (1998).
2. Fearon, E.R. Science 278, 1043–1050 (1997).
3. Stein, A. & Raoult, D. Nucleic Acids Res. 20,

5237–5238 (1991).
4. Hongyo, T., Buzard, G.S., Calvert, R.J. & Weghorst,

C.M. Nucleic Acid Res. 21, 3637–3642 (1993).
5. Furitsu, T. et al. J. Clin. Invest. 92, 1736–1744 (1993).
6. Tsujimura, T. et al. Blood 83, 2619–2626 (1994).
7. Tsujimura, T. et al. Blood 87, 273–283 (1996).
8. El-Omar, M., Davis, J., Gupta, S., Ross, H. &

Thompson, R. Postgrad. Med. J. 70, 661–664 (1994).
9. Marshall, J.B., Diaz-Arias, A.A., Bochna, G.S. &

Vogele, K.A. Gastroenterology 98, 1358–1365
(1990).

10. Russel, E.S. Adv. Genet. 20, 357–459 (1979).
11. Kitamura, Y., Go, S. & Hatanaka K. Blood 52,

447–452 (1978).
12. Kitamura, Y. & Go, S. Blood 53, 492–497 (1979).
13. Kapur, R. et al. Blood 90, 3018–3026 (1997).
14. Nagata, H. et al. Proc. Natl Acad. Sci. USA 92,

10560–10564 (1995).
15. Longley B.J. et al. Nature Genet. 12, 312–314 (1997).

© 1998 Nature America Inc. • http://genetics.nature.com

©
 1

99
8 

N
at

u
re

 A
m

er
ic

a 
In

c.
 • 

h
tt

p
:/

/g
en

et
ic

s.
n

at
u

re
.c

o
m



correspondence

nature genetics volume 19 august 1998 325

chromosome and undermethylated on the
maternal chromosome. Paternal methyla-
tion of these sites and biallelic methylation
of the AS-SRO does not support the sec-
ond statement of Tilghman et al. claiming
that the SNRPN promoter functions in the
soma to maintain the entire PWS region
in an unmethylated state.

The enhancer-competition model also
fails to explain important genetic aspects.
In AS patients, IC deletions (familial and
de novo) are always on the chromosome

inherited from the maternal grandfather
and in PWS patients the IC deletions are
always on the chromosome inherited from
the paternal grandmother. Even in IC
non-deletion PWS patients with an
imprinting defect it is always the grand-
maternal chromosome that is incorrectly
imprinted7. The enhancer-competition
model would predict that imprinting
defects can occur on either grandparental
chromosome. Furthermore, at least two
PWS IC deletions, which lead to a mater-

nal imprint on the paternal chromosome,
include the AS-SRO (ref. 8). Thus, a
maternal imprint has developed in the
absence of the AS-SRO, although the
enhancer-competition model postulates
that this region bears the maternal epi-
genetic mark which induces spreading of
DNA methylation along the chromosome.
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Fig. 2 Methylation status of the AS-SRO as deter-
mined by genomic sequencing. Two healthy individ-
uals (a,b), one PWS patient with a paternal deletion
15q11−q13 (c) and one AS patient with a maternal
deletion 15q11−q13 (d) were studied. After bisulfite
treatment of the DNA, which converts C, but not 5-
methyl-C, to uracil9,10, the segment designated
‘Genomic sequencing’ (Fig. 1b) was amplified by
nested PCR with primers 1A and1B, and primers 2A
and 2B (1A, 5´−GATTTAATTGTATAATTTAATTATTTT-
TTTAT−3´; 1B, 5´−CCTCCAACACATACTCTTTCAATC-
ATTATCTAC−3´; 2A, 5´−ATTTTTTTATTTTTTGGATAT-
AGTTTTTTTTT−3´; 2B, 5´−CTACTTAAAAAAATACTT-
CACCTAAATAACTC−3´) and cloned. For one strand of
each sample, 10 clones were sequenced. Each hori-
zontal row of squares presents the C/mC distribution
in one clone (open square, C; closed square, mC).
CpG 7 (*) is polymorphic and allows the two alleles in
the healthy male to be distinguished. Numbers indi-
cate percentage of methylation.
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