












Fig. 6. Excluding a contribution of elevated
Ascl2 . To exclude a contribution of elevated
Ascl2 in the observed phenotypes we
investigated the phenotypic outcomes
associated with Ascl2BAC combined with loss
of function of either Phlda2 or Cdkn1c in
isolation at E18.5. (A,B) Placental weights
from matings between Ascl2BAC males and
females carrying either aPhlda2 (A) orCdkn1c
(B) loss-of-function allele. Consistent with
previous reports, Phlda2−/+ and Cdkn1c−/+

placentae were substantially heavier than the
placentae of control littermates. Elevated
expression of Ascl2BAC did not affect placental
overgrowth of Cdkn1c−/+, with Phlda2−/+BAC

placentae significantly heavier than those of
controls and Phlda2−/+. (C) The weights of
Phlda2−/+ and Phlda2−/+BAC fetuses did not
differ from those of control littermates,
although Phlda2−/+BAC fetuses were slightly
lighter than Phlda2−/+ fetuses. (D) Cdkn1c−/+

and Cdkn1c−/+BAC fetuses were substantially
heavier than control littermates, with no
significant difference in fetal weight between
Cdkn1c−/+ and Cdkn1c−/+BAC. (E,F) The
substantial placentomegaly, coupled with the
absence of any negative effect on fetal growth,
resulted in substantially diminished
measures of placental efficiency (F:P ratio)
for all genotypes except Ascl2BAC.
(G,H) Glycogen content was similarly
increased in Phlda2−/+ and Phlda2−/+BAC

placentas, but unaltered in Cdkn1c−/+ and
Cdkn1c−/+BAC placentas. (I,K) Key lineage
markers were largely expressed at wild-type
levels in Phlda2−/+BAC placentas, with the
exception of the Lz markers Flk1 and Dlx3.
(J,L) Cdkn1c−/+BAC placentas were
characterised by diminished expression of Jz
markers and increased expression of the
syncytiotrophoblast markers Syna and Gcm1.
For A, C and E: WT, n=54; Ascl2BAC, n=38;
Phlda2−/+, n=51;Phlda2−/+BAC, n=44. For B, D
and F: WT, n=35; Ascl2BAC, n=42; Cdkn1c−/+,
n=46; Cdkn1c−/+BAC, n=27. For G: WT, n=47;
Ascl2BAC, n=29;Phlda2−/+, n=36;Phlda2−/+BAC,
n=32. For H: WT, n=40; Ascl2BAC, n=44;
Cdkn1c−/+, n=38; Cdkn1c−/+BAC, n=22. For I, J,
K and L, n=4 per genotype from at least two
litters. Numerical data are provided in
Table S4. NS, P>0.05. *P<0.05, **P<0.01,
***P<0.005.
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1997). This suggests that late fetal overgrowth observed in BWS
might be attributable to this incomplete silencing of the paternal
CDKN1C allele in humans, which might be sufficient to prevent the
marked placental defect.
There are alternative explanations that must be considered, not in

the least that the mouse and human placenta differ substantially both
structurally and transcriptionally (Carter, 2018; Soncin et al., 2018),
which could prevent the accurate modelling of this disorder in mice.
The DelTel7 truncation itself might cause fetal growth restriction as
it includes haploinsufficiency of ∼20 biallelically expressed genes
located at the telomeric end of distal chromosome 7 (Oh et al.,
2008). Arguing against this is the absence of any phenotype
associated with paternal inheritance of the DelTel7 allele, in which
appropriate expression of the IC1 and IC2 domain genes is
maintained, while one copy of the nonimprinted telomeric genes is
deleted (Oh et al., 2008). A final possibility is that the combination
of the Ascl2 transgene plus DelTel7 impairs fetal growth. Evidence
against this is provided by data showing no growth restriction when
the transgene was combined with loss of function of Cdkn1c in
isolation.
In summary, we successfully used an Ascl2 BAC transgene to

rescue embryonic lethality associated with maternal inheritance
of a truncation allele of distal chromosome 7, thus creating a novel
mechanistic model of sporadic BWS. Although our model
recapitulated the placentomegaly associated with BWS, we did
not observe fetal overgrowth. Taken together with all the data in this
locus in human and mice, we conclude that it might not be possible
to accurately model BWS associated with loss of imprinting at IC2
in mice, owing to differences in the epigenetic regulation of the
domain between mice and human and/or functional differences
between mouse and human placenta.

MATERIALS AND METHODS
Mice
All animal studies and breeding were approved by the Universities of Cardiff
ethical committee and performed under a UK Home Office project license
(R.M.J.). Mice were housed in a conventional unit on a 12-h light–dark cycle
with lights coming on at 06:00, with a temperature range of 21±2°C, and with
free access to tap water and standard chow. The DelTel7 strain was generated
as described previously (Oh et al., 2008) and was a kind gift from Louis
Lefebvre (University of British Columbia, Vancouver, Canada). The
Ascl2BAC, Cdkn1ctm1Sje and Phlda2loxP targeted alleles were generated as
described previously (Frank et al., 2002; Reed et al., 2012; Zhang et al., 1997).
The DelTel7 strain was maintained on the CD1 background by paternal
transmission of the deletion allele. The Cdkn1c and Phlda2 null lines were
maintained on the 129S2/SvHsd (129) background by paternal transmission
of the targeted allele. The Ascl2BAC line was backcrossed by paternal
transmission of the transgene to the 129 background for more than eight
generations prior to mating with females of the DelTel7 strain. The Ascl2BAC

linewas subsequently backcrossed formore than six generations onto the CD1
background prior to mating with females of the Cdkn1c and Phlda2 null lines
on the 129S2/SvHsd (129) background.

Weighing studies
Embryonic and placental wet weights were taken at the stated time points
after a discernible plug. Embryos and placentae were dissected from
extraembryonic membranes, immersed in ice-cold fixative, briefly dried and
weighed.

Histological analyses
Placentae were fixed overnight in phosphate-buffered 4%
paraformaldehyde, paraffin embedded and cut into 7 µm sections. H&E
staining, in situ hybridisation and PAS staining for glycogen were
performed as described previously (Tunster et al., 2010).

Gene expression analysis
Quantitative PCR of reverse transcribed RNA was performed on n=4 per
genotype, with litter-matched controls (n=2+2 per litter) as described
previously (Tunster et al., 2010).

Placental glycogen measurement
Glycogen was extracted from whole placenta as described previously,
resuspended in 1 ml H2O and diluted 1:2, and glycogen concentration was
determined using the phenol-sulphuric acid method (Lo et al., 1970).

Statistical analyses
The χ2 test was performed to determine whether the number of conceptuses
observed differed from the expected frequency for each genotype. A one-
way ANOVA in conjunction with Bonferroni correction was used to
compare fetal and placental weights and placental glycogen content between
genotypes. Statistical significance for analysis of gene expression was
determined using the Student’s t-test (two-tailed distribution and
two-sample unequal variance) (Schmittgen and Livak, 2008).
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