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Patients with familial biparental hydatidiform moles
have normal methylation at imprinted genes
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In molar tissues from patients with recurrent biparental hydatidiform moles, we could previously
demonstrate that differentially methylated regions (DMRs) of four imprinted genes are abnormally
methylated on the maternal alleles. It remained unclear if this abnormal methylation originated de novo in
the molar tissues or if it is even recognizable in the patient somatic tissues. To address this question, we
investigated the DNA methylation of four imprinted genes in total blood from the two sister-patients.
Here, we show that both patients retain normal methylation levels at the DMRs of the four genes in blood
tissues. For two maternally expressed genes, we could use informative SNPs to follow the inheritance of
the abnormally methylated maternal alleles in the molar tissues. We find that the transmitted abnormally
methylated maternal alleles to the moles originated from the maternal grandmother and that the same
alleles are not methylated in the patients. Our data suggest that the abnormal methylation in familial
biparental molar tissues was acquired de novo in the patients’germline as a result of a false reprogramming
or during the postzygotic development of the conceptuses that led to moles.
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Introduction
Recurrent complete hydatidiform moles are a rare clinical

entity in which molar tissues are diploids and have a

biparental contribution to their genome (BiCHMs). These

moles are undistinguishable, at both gross morphology

and histopathology levels, from diploid androgenetic

moles containing two sets of paternal chromosomes.

Despite their diploid biparental genotype, the epigenotype

of BiCHMs is abnormal. Others and we demonstrated

aberrant methylation and expression of imprinted, both

maternally or paternally expressed, genes in BiCHMs.1–3

We showed that this aberrant methylation affects only the

maternal alleles.3 To date, no studies has investigated if the

methylation or expression of imprinted genes in the

patients themselves is also affected, hence predisposing

the patients to transmit such imprinting defects. This

question is particularly interesting since patients with

recurrent BiCHMs usually have miscarriages alternating

with the moles and manifest during some of their molar

pregnancies, complications and features of pre-eclampsia.

Both recurrent pregnancy losses and pre-eclampsia are

associated, in some cases, with physiological abnormalities
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such as folate deficiency and hyperhomocystemia.4–9 Folate

and homocysteine are important components required for

DNA and histone methylation. A defect in the methionine

pathway in the two patients could be responsible or

contribute to the molar phenotype and may manifest in

an abnormal DNA methylation in their blood tissues.

We previously reported abnormal methylation at differ-

entially methylated region (DMRs) of four imprinted genes

in two molar tissues BiCHMs 9 and 16 from two sisters with

recurrent BiCHMs, patients 4 and 6 from family MoLb1.3,10

The aim of the present study was to follow up this

investigation by analyzing the DNA methylation status at

the same DMRs, but in somatic tissues (blood) from the

two patients. Furthermore, using SNPs in informative

samples and at informative DMRs, we analyzed the grand-

parental transmission of the abnormal epigenotype to

examine its potential association with a particular grand-

parental inheritance. Altogether, our data contribute to a

better understanding of the developmental events occur-

ring during biparental molar pregnancies and suggest that

germline reprogramming or/and postzygotic defects are

the major cause of BiCHMs.

Results
Methylation of four imprinted genes in patients with
recurrent BiCHMs

Methylation at SNRPN, PEG3, NESP55, and H19 DMRs was

investigated on DNAs from total fresh blood of two

patients with recurrent biparental moles, members 4 and

6 from family MoLb1, by two independent bisulfite

methods as described previously.3 DNA was treated with

sodium bisulfite, amplified by PCR, and the methylation

was assessed by single-nucleotide primer extension

(SNuPE) followed by separation with ion pair reverse-phase

HPLC (SIRPH)11,12 and by cloning and sequencing. SIRPH

analysis at the four DMRs was performed at two sites

within each of the SNRPN, PEG3, and NESP55 DMRs, and at

one site at the H19 DMR as described previously.3 Our

results on the four DMRs demonstrate a normal level of

methylation, ranging from 35 to 45%, in the two patients

similar to the methylation level found in total blood from

healthy normal subjects (Figure 1).

We also used cloning and sequencing to assess the DNA

methylation of several adjacent CpG by sequencing

individual clones from each of the four DMRs. The results

at the DMRs without polymorphisms showed normal

methylation pattern with some clones being completely

methylated and others completely unmethylated (see

Supplementary material). DMRs containing SNPs were at

the NESP55 in patient 6 and at the H19 in both patients 6

and 4. Analysis of sequences from these DMRs demon-

strated normal methylation pattern with only clones

carrying the paternal alleles being methylated (Figure 2).

These data demonstrate that the two patients with

recurrent biparental moles have normal DNA methylation

at the four analyzed imprinted genes.

Grandparental origin of the abnormally methylated
maternal alleles in molar tissues

We previously demonstrated an abnormal methylation at

the maternal SNRPN and NESP55 DMRs in BiCHMs 16 and

9, respectively.3 Using microsatellite markers in proximity

of the SNRPN and NESP55 DMRs, cen-D15S1021-(450 kb)-

D15S128-(350 kb)-SNRPN DMR and cen-D20S164-(400 kb)-

NESP55 DMR-(400kb)-D20S171, respectively, we estab-

lished the haplotypes carrying the abnormally methylated

alleles. Haplotype analysis shows that the abnormally

unmethylated maternal SNRPN in BiCHM 16, with C at

position 144772 (GenBank Accession no. AC009696), is

inherited from the maternal grandmother (haplotype 4-3-

C) (Figure 3a). In BiCHM 9, the abnormally methylated

maternal NESP55 allele, with A at position 106675

(GenBank accession no. AL132655), is inherited from the

maternal grandmother (haplotype 1-A-1) (Figure 3). We

note that the healthy daughter of patient MoLb1-4, with

normal methylation level and pattern, has inherited the

same grandparental haplotype (1-A-1).

Discussion
To investigate whether two sister-patients with BiCHMs

have abnormal DNA methylation at imprinted genes in

their somatic tissues, we analyzed four DMRs that we

previously showed are abnormally methylated/unmethy-

lated on the maternal alleles in their molar tissues.3 Using

SIRPH analysis on blood DNA from the two patients, we

demonstrate normal methylation levels at the four genes

(Figure 1). Cloning and sequencing data on DMRs without

Figure 1 Quantitative methylation measurements by SIRPH
analysis. Measurements were carried out at two sites at each of the
SNRPN, PEG3, and NESP55 DMRs, and at one site at the H19 DMR. At
each site, the first column from the left represents patient MoLb1-4,
the second MoLb1-6 and the third is the average of measurements
obtained on three to eight control DNA as indicated below each
column. The different measurements represent independent samples
from different subjects.
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polymorphisms are compatible with normal methylation

pattern (Supplementary material). With the use of avail-

able SNPs, we demonstrate a normal methylation pattern

at NESP55 in one patient, MoLb1-6, and at H19 in both of

them (Figure 2).

We previously traced the inheritance of the abnormally

methylated maternal H19 alleles in molar tissues and found

that they are inherited from the maternal grandfather to

BiCHM9 and from the maternal grandmother to BiCHM16.

Now, we show that the two patients have normal

methylation level and pattern at H19, with only their

paternal alleles being methylated (Figure 2). The presence

of abnormal methylation marks in BiCHM16 on a

nonmethylated allele in the patient’s blood indicates that

the abnormal methylation was acquired in the germline of

the patient or during the postzygotic development of the

BiCHM16. This suggests that the abnormal epigenotype in

the BiCHM16 did not originate in the mothers’ somatic

tissues as a result of a physiological impairment, for

instance, in the methylation pathway. Using microsatellite

flanking the NESP55 DMR, we show that the abnormally

methylated allele in BiCHM9 is also inherited from the

maternal grandmother (Figure 3b). The patient, MoLb1-4,

has normal level of methylation in her total blood; beside

her reproductive problem, she has a normal phenotype and

is in good health. Consequently, the patient is expected to

have normal methylation pattern with methylation only

on her paternal NESP55 DMR. This demonstrates, again, at

a second locus, NESP55, and in a second mole, BiCHM9,

the acquisition of new methylation marks on a nonmethy-

lated allele transmitted by the patient. At the SNRPN, we

show that the abnormally unmethylated maternal allele in

BiCHM16 is inherited from the maternal grandmother

(Figure 3a). The patient, MoLb1-6, has normal methylation

level in her blood and is expected to have methylation

marks only on her maternal allele. Therefore, the abnormal

absence of methylation on the SNRPN maternal allele in

BiCHM16 could result from an incomplete erasure, an

incomplete reprogramming, or abnormal postzygotic

maintenance of the correctly established marks.

Of all the studies that have addressed the methylation or

expression of imprinted genes in familial molar tissues,

none of them allows reaching a conclusion as to whether

the abnormal methylation occurred in the maternal germ-

line or during the postzygotic development for the

following reasons. First, all these studies were performed

on molar tissues at 6–14 weeks of gestation in which

several changes could have occurred since fertilization.

Consequently, the abnormal methylation observed in

these tissues may not reflect exactly the methylation marks

of the parental gametes. Second, although abnormal

unmethylation was reported at several imprinted, pater-

nally expressed genes with primary imprints (known to be

established in the germline), but abnormal methylation

Figure 2 Summary of the methylation analysis from isolated sequenced clones at the NESP55 and H19 DMRs. The studied region relative to each
gene is shown under the corresponding name. Each individual PCR clone is represented by a line; unmethylated and methylated CpG sites are
represented by open and filled circles, respectively. The number of clones with identical methylation pattern is indicated on the right side of one
representative clone. Vertical arrows indicate the sites studied by the SIRPH analysis. M: maternal; P: paternal. The position of the polymorphisms that
distinguish the parental alleles is indicated by ‘*’. These are at position 106675 in AL132655 for NESP55 and at positions 6225 (MoLb1-6) and 6336
(MoLb1-4) in AF087017 for H19.
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marks were also shown at NESP55,1,3 with secondary

imprints (known to be established postzygotically around

the blastocyst stage). Third, molar pregnancies are benign

tumors of the trophoblast and several studies have shown

gain or loss of DNA methylation at imprinted genes,

including PEG3 and H19 (extensively studied), in a variety

of tumors such as glioma, Wilms’ tumor, lung carcinoma,

Müllerian tumor of the uterus, hepatoblastoma, and

colorectal cancer.13–21 In colorectal cancer and Wilms’

tumors, a gain of methylation on the maternal H19 DMR

was shown.13,14,16,20,21 Therefore, it would be expected

that at least some of the methylation changes observed in

biparental molar tissues (gain or loss) have occurred during

molar development and are specific for these trophoblastic

tumors. This would explain the deregulation of the same

genes in the same way in most analyzed biparental moles,

familial and sporadic.2,3

An intriguing observation in biparental moles is the loss

of maternal methylation imprints on most of the analyzed

paternally expressed genes while paternal methylation

imprints were maintained on two analyzed maternally

expressed genes. This led Judson et al1 to suggest that a

‘maternal’ germline defect in establishing the maternal

imprints underlies familial BiCHMs. Although this hypoth-

esis is attractive and plausible, it may not be the only

explanation. Another explanation that may underlie the

different behavior between maternal and paternal imprints

would be due to their different properties and is supported

by several observations in BWS and PWS syndromes. In

case of the BiCHMs, the labile nature of maternal imprints

in placental tissues during early development may explain

the loss of maternal imprints.22

Finally, the abnormal methylation patterns on the

maternal alleles of maternally or paternally expressed

genes in biparental molar tissues may have not occurred

at all DMRs at the same time, but resulted from several

events that altogether led to the molar phenotype.
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