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Abstract: Objective: Maternal ethanol consumption during pregnancy could induce birth defects. Fetal heart, brain
and placenta are usually targeted organs. Differential methylation regions (DMRs) in the Igf2/H19 locus are sensi-
tive to environmental conditions. However, the effects of prenatal ethanol consumption on fetal heart, brain and
placenta remain largely unknown. The aim of our study is to investigate tissue-specific effects of ethanol consump-
tion during pregnancy on DNA methylation within Igf2/H19 DMRs and the expression of Igf2 in fetal mouse heart,
brain, and placenta. Methods: We established a pregnant mouse ethanol gavage model (0.025 ml/g/day; 25%
vol:vol). Ethanol was delivered between gestational day (GD) 0.5 and 15.5. Using a MassARRAY EpiTYPER assay,
methylation patterns of 4 DMRs, including Igf2 DMRO, Igf2 DMR1, Igf2 DMR2, and H19 DMR, within the Igf2/H19
locus were evaluated in fetal tissues. In parallel, the expression of insulin-like growth factor (Igf2) gene was mea-
sured by gRT-PCR and immunohistochemistry. Results: We found decreased DNA methylations at Igf2 DMR1, Igf2
DMR2, and H19 DMR in response to ethanol exposure in murine fetal heart, brain, and placenta, respectively. How-
ever, no significant methylation changes were observed at Igf2 DMRO in all above examined tissues. Importantly,
we detected increased Igf2 expression at mRNA and protein levels in corresponding fetal mice brain in response to
ethanol exposure. Moreover, for ethanol-treated group, decreased Igf2 expression in fetal mice heart and increased
1gf2 expression in fetal mice placenta at mRNA and protein levels were observed compared to controls, although
the changes showed no significant differences. Conclusion: Our data indicates that the underlying mechanisms by
which fetal developmentally important imprinting genes are dysregulated in a tissue-specific fashion in response to
maternal ethanol exposure.
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Introduction out the placenta [5, 6]. Fetal brain, heart, and

placenta are uniquely affected by ethanol, but

Maternal ethanol consumption during pregnan-
cy is a worldwide public health issue, occurring
in 20% of all pregnancies [1]. Ethanol consump-
tion during pregnancy is teratogenic, adversely
affecting the development of fetal brain and
heart, and potentially leading to neurobehav-
ioral abnormalities [2] and cardiac defects [3].
In addition to disrupting normal growth of fetal
organs, the placenta is another target of etha-
nol. Prenatal ethanol consumption by the moth-
er not only changes placental weight [4], but
also disrupts the placental detoxification mech-
anisms as well as nutrient distribution through-

the individual molecular mechanisms behind
these effects are unclear.

In mammals, a small subset of imprinting gen-
es are considered key to fetal growth and devel-
opment, particularly for neurologic behavior,
and placental development [7, 8]. Imprinting
genes are usually clustered in the genome
under the control of differentially methylated
regions (DMRs), which are normally methylated
during gametogenesis [9]. Aberrant DNA meth-
ylation at DMRs is implicated in imprinting dis-
eases and developmental abnormalities [10].
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Among imprinting genes, Igf2 gene has been
widely studied in many tissues including the
heart, brain and placenta. I1gf2 is expressed vir-
tually throughout the brain and is essential to
central nervous system development [11]. In in
vivo experiments, 1gf2, expressed in the embry-
onic mouse epicardium during midgestational
heart development, is required for normal ven-
tricular chamber development [12]. Moreover,
Igf2 is important for placental growth [13]. In-
terestingly, imprinted gene Igf2 expression can
be regulated by methylation of DMRs in the
18f2/H19 imprinting region [14], located distally
on mouse chromosome 7 [15]. A total of 4
DMRs exist in the Igf2/H19 region [16]: DMRO,
DMR1, DMR2 and H19 DMR. Delicate DNA
methylation control of the 1gf2/H19 locus is
important for pre- and post-natal growth and
disruptions of methylation at the Igf2/H19
locus have been reported in congenital growth
disorders and cancers [10].

Early in vitro studies suggest that environmen-
tal exposures affect the epigenetic regulation
of genomic imprinting and are associated with
aberrant fetal growth and development [17].
Additionally, previous studies suggest that
methylation of one or some DMR(s) in the Igf2/
H19 region were sensitive to specific in utero
exposures and postnatal diets [18, 19]. To
date, the effect of prenatal ethanol exposure
on methylation in the 1gf2/H19 region has been
confined to reproductive systems or fetal blood
DNA [20, 21]. However, effects of in utero etha-
nol exposure on DNA methylation at Igf2/H19
DMRs and their association with imprint gene
expression in different fetal organs, such as
heart, brain, and placenta, are not well-charac-
terized. Given that DNA methylation and gene
expression are highly regulated in tissue- or cell
type-specific manner [22] in response to devel-
opmental and environmental cues, we hypoth-
esized that prenatal exposure to ethanol could
cause alterations of Igf2/H19 DMRs methyla-
tion pattern and related Igf2 expression in tis-
sue-specific manner in mouse model.

Materials and methods
Mice and tissue collection

C57BL/6J mice (weighing approximately 20-25
g) were purchased from the Shanghai SLAC
Laboratory Animal Co., Ltd and raised in the
animal facility at Shanghai Medical College,
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Fudan University. Mice were kept on a 12-hour
light/dark cycle and were given free access to
food and water at a constant room tempera-
ture. Then, 8-10 week-old female mice were
naturally mated with same-aged male mice.
Validation of a vaginal plug the next morning
after presumed mating was observed as gesta-
tional day 0.5 (GD 0.5). Plug-positive female
mice were separated into 2 groups (N=3, each):
one group was given 500 pl ethanol by gavage
(0.025 ml/g/day; 25% vol: vol), a dose recom-
mended in a previous study [23]; the second
group received an equal volume of distilled
water between GD 0.5 and 15.5. Ethanol admi-
nistration was coincident with a key period of
fetal organogenesis and development [24].
Pregnant mice were sacrificed on GD 16.5. The
heart, brain, and placenta tissues from 17 fetal
mice of the control group and 16 fetal mice of
the ethanol-treated group were analyzed for
methylation. The heart, brain, and placenta tis-
sues from 12 fetal mice in the ethanol-treated
group and from 11 fetal mice in the control
group were analyzed for Igf-2 expression at
mRNA and protein level. To homogenize the
brain tissues, we tried to dissect the cerebral
cortex part. All tissues for methylation and
MRNA expression analysis were excised under
a dissecting microscope and immediately
placed in RNAlater® (AMBION, Inc., Austin, TX)
for at least 24 hours at room temperature, and
then frozen at -80°C until use. All procedures
were approved by the Committee for the Care
and Use of Laboratory Animals of Fudan
University.

DNA isolation

Total genomic DNA was extracted from heart,
brain, and placenta using a QlAamp DNA mini
kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. DNA concentra-
tion and purity were measured by absorbance
of A260/A280 > 1.8 and A260/A230 > 1.9
using a NanoDropTM1000 Spectrophotometer
(Thermo Scientific, Wilmington, Delaware).

Bisulfite treatment

An EZ DNA Methylation Kit™ was used to per-
form sodium bisulfite treatment for the extract-
ed DNA according to manufacturer’s instruc-
tions (Zymo Research, Orange, CA). Sodium
bisulfite converted DNA was re-suspended in
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cacatgcatttictaggctggtacctcgtggacteggactcccaaatcaacaaggteggcettactetetgecaaagaatecttt
gtgtgtaaagaccagggttgccgeacggeggeagtga agtr.tcgtacatcgcagtcctaaaa.ga ttgcaactgattge
gttttctcccctatcaccatctatgatcccatagtcatgggeticatgaggecaggggticatgetagtecttgataaaacgtt

DMRO

gtct‘rtgcagtacmacL‘ggcatalcamcccaaatnggagggggctggaagtgggcgtggagggg*aggtgaggg
ataaaagcgtggtgtcattcgagcaggtgecttacteagtggtggagagcagaagecactictaggggctetgttatcatg
cacgctctaaaactccctctcaccgtctcticagactcagactcagocccttccageccegecgcaacatogtcgocccggce
tggagggcccgegcaccacaaccagageacccectgetttggagggegctgctaatatigacccagecageggateate

gtccgggcaatttcggaagagaate

DMR1

tggcccccaccctateccgectgeatgecctggtggctettcaatggacaccttaaggtgacctcagegttttcctacctgge
aaagtccaggagticatctecggggglgagtcageggetictecagagacctclggaggecagaaagcagagattagge
tctgaaacaggccacaggrigtgattigetgecctetcagatgececttaggaaaaggaaggeaggactccagaatcggga

DMR2

geggagctcaggetaacatgataccctgaaacctgetgactageacctectctccaggacgacttccccagata cct.tgg
gcaagrtcttccaamtgacacctggagacagtc-gga.cctgcgcagaggcctgcctgccctcct’lgcc cgcc
geegtegeatgcttgecaaagagetcaaagagticagagaggccaaacgteategtecectgategtgttaccacccaaa

gacceogeecacgggggagectettoggagatgtecageaaccatcagtgaateasattatgtggtaatictgcaatgtag

taccatcaatctgtgacctcctcttgagcagggacagt

Figure 1. Schematic diagram of Igf2/H19 locus. The sequences detected in each DMR are listed. Yellow highlighting
represents CpG in detectable sites, gray highlighting represents undetectable sites.

10 ml elution buffer and stored at -20°C until
samples were used for experiments.

Massarray epityper assay

The Sequenom MassARRAY EpiTYPER platform
was used to measure methylation of DMRs
within the Igf2/H19 locus. The EpiTYPER ass-
ay can quantify cytosine phosphate guanine
(CpGs) dinucleotide methylation based on
MALDI TOF mass spectrometry, which is an ac-
curate, sensitive and high-throughput method
for quantitative analysis of DNA methylation at
CpG sites [25]. Sequences of analyzed DMRs
within 1gf2/H19 have been described else-
where [26]. Specific CpG sites and their loca-
tion are depicted in Figure 1. Primers used in
this study were designed online (http://epide-
signer.com; Table 1). Approximately 500 ng
fragmented DNA from each sample was modi-
fied by bisulfite treatment and this was followed
by PCR with specific primers, which add a T7
promoter tag for the reverse primer and a
10-mer tag for the forward primer. Then, PCR
products were treated with shrimp alkaline
phosphatase. After ligating fragments to a T7
promoter segment, they were transcribed into
RNA. Synthesized RNA was cleaved with Rnase
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A and all cleavage products were analyzed
using Epityper software (version 1.0; Seque-
nom). The detailed protocol for this process has
been published previously [27].

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA of fetal mice tissue was extracted
with TRIzol reagent (Invitrogen Life Technologi-
es, Carlsbad, CA, USA) from 100-200 mg of fro-
zen tissue. Approximately 500 ng of the extr-
acted RNA sample was used as a template for
the reverse transcriptase reaction. Transcribed
cDNA was amplified in a qPCR reaction using
Sybr Green (TAKARA Biotechnology, Dalian,
Liaoning, China), and analyzed with an Applied
Biosystems 7900 real-time PCR system. Gene
expression comparisons were conducted for
the Igf2 gene (Table 2). All assays were per-
formed in triplicate. Gapdh was used as a hou-
sekeeping gene for normalization and data
were analyzed with the CT method after averag-
ing the triplicates of each assay.

Immunohistochemistry analysis

Heart, brain, and placental tissue were fixed in
4% formalin overnight and then embedded in
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Table 1. Primers used for DNA methylation of 4 DMRs at the 1gf2/H19 locus

Product size  Assayed

Primers Forward 10-mer tag primeral Reverse T7 promoter tag2 (bp) CGs (n)
H19 DMR ATAACCCCAAAACCCTATAAATCAA GGGGTTATAAATGTTATTAGGGGG 323 9
IGF2 DMRO  TCACTAATACCCAAAATTCTCTTCC TATTATTTTTTAAATTTGGAGGGGG 339 10
IGF2 DMR1  AAAAACACATACATACCCTAACCCC  GTTAGAGATGAGTAAGGTTTTGGGA 292 5
IGF2 DMR2  TCAAACTAACATAATACCCTAAAACC  TGGAATTGTTTTTGTTTAAGAGGAG 359 12

110-mer tag: cagtaatacgactcactatagggagaagg and 2T7 promoter tag: aggaagagag were added.

Table 2. Primers used for qRT-PCR analysis of Igf2 gene expression

DMR1, DMR2 and H19 DMR.

Primers Forward Reverse

By using Sequenom Mass-

Mouse Igf2

CCCGGAGAGACTCTGTGCGGA GGAAGTACGGCCTGAGAGGTA
Mouse GAPDH GGCAAATTCAACGGCACAGT  AGATGGTGATGGGCTTCCC

ARRAY EpiTYPER platform,
2-5% lower methylation was

paraffin and 5-ym sections were made.
Sections were dewaxed in xylene (3 times, 7
min for each incubation) and rehydrated in
graded ethanol baths (twice in ethanol for 5
min each, once in 85% ethanol for 5 min and
once in 75% ethanol for 5 min). Primary and
second antibodies were diluted in 10% BSA
(1:1,000). Anti-1gf2 (Abcam #ab9574) was used
for staining. For Igf-2, the brown area on the
section was selected for its color range. The
staining was evaluated using the immunoreac-
tive score (IRS) system described by Remmele
and Stegner [28]. The staining intensity was
scored as +, ++, +++ and the percentage of
positively-stained cells was scored from 1 to 4.

Statistical analysis

Statistical analysis was carried out using
GraphPad Prism 5.0 (GraphPad Software Inc.,
La Jolla, CA, USA). Because of the small sample
size, we assumed that data were not normally
distributed. The non-parametric Mann-Whitney
U test was used to compare methylation val-
ues, Igf2 expression at mRNA level and protein
level between the ethanol-treated group and
the control group. Statistical significance was
set at 0.05.

Results

DNA methylation level at 4 DMRs in the Igf2/
H19 locus in fetal mice heart, brain and pla-
centa

To investigate the effect of maternal ethanol
consumption on DNA methylation at Igf2/H19
locus in fetal mice heart, brain and placenta,
we focused on 4 DMRs (Figure 1): DMRO,
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found in ethanol exposed
fetal mice tissues. For fetal
mice heart, there was 5% decreased DNA meth-
ylation at the DMR1 rather than the other three
DMRs, which was statistically different com-
pared to the control group (P=0.01, Figure 2A).
To further analyze individual CpG site within
DMR1, the methylation level at CpG4 and CpG5
sites were found to be statistically significantly
decreased (P=0.015, P=0.0064, Figure 2A).
For fetal mice brain from ethanol-treated gro-
up, using the same method, we detected that
significantly decreased methylation only occu-
rred at the DMR2 (P=0.0018, Figure 2B).
Among 16 CpG sites within DMR2, the methyla-
tion level at CpG8.9, CpG1ll and CpG16 sites
was significantly decreased (P=0.0243, P=
0.0007, P=0.0191, Figure 2B). Similarly, in
fetal mice placenta, the H19 DMR was the only
region with altered methylation, which was sig-
nificantly decreased in the ethanol-treated
group (P=0.0003, Figure 2C). Among the 10
CpG sites analyzed, the methylation level of
CpG3, CpG4, CpGbh.6, CpG7 and CpG8 sites
was significantly decreased (P=0.0173, P=
0.0023, P=0.0031, P=0.0087, P=0.0479, Fi-
gure 2C). However, no significant methylation
changes were observed at Igf DMRO in all
above examined tissues. Taken together, these
results suggested that DNA methylation of four
DMRs change with a tissue-specific pattern in
fetal organs in response to maternal ethanol
exposure.

18f2 mRNA and protein expression in fetal
mice heart, brain, and placenta in response to
maternal ethanol exposure

To investigate whether maternal ethanol expo-
sure influenced Igf2 expression, mRNA level of

Int J Clin Exp Pathol 2016;9(4):4862-4871
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Figure 2. Comparisons of methylation of H19 DMR, Igf2 DMRO, Igf2 DMR1, Igf2 DMR2 in fetal mouse hearts (A),
brains (B) and placentas (C) comparing the ethanol-exposed group to the control group. The left panel of the figure
depicts average methylation of 4 DMRs. Detailed methylation in each CpG site in each DMR region is shown on the

right panel. "P<0.05, ""P<0.01, ""P<0.001.

GD16.5 fetal mice hearts, brains, and placen-
tas were assayed by RT-gPCR. And we found
that Igf2 mRNA expression in the brains of eth-
anol-treated fetal mice statistically significantly
increased compared to the control group
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(P=0.0121, see Figure 3). Igf2 mRNA expres-
sion had a 53% decrease in the hearts of etha-
nol-treated fetal mice, but a 55% increase in
the placentas, compared to the control group.
However, neither of them was statistically sig-

Int J Clin Exp Pathol 2016;9(4):4862-4871
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Figure 3. 1gf2 expression at the mRNA level as measured with qRT-PCR in fetal mouse hearts, brains, and placentas
between the ethanol-treated (n=12) and control groups (n=11). “P<0.05.
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Figure 4. A. The examples from immunohistochemical results in fetal mice heart, brain, and placenta between the
ethanol-treated and control groups. All images original magnification, X200, and scale bar, 50 ym. B. The immuno-
reactive scores of 1gf2 protein expression in fetal mice hearts, brains, and placentas between the two groups. See
Materials and Methods for details on scoring systems. “P<0.05.

nificant (P=0.0727 and P=0.3152, see Figure and increased in fetal mice brains and placen-
3). tas in the ethanol-treated group. Figure 4A indi-

cates that 1gf2 was mainly expressed in the
Similar to the data for mRNA, 1gf2 protein cytoplasm of myocardial cells in fetal mice
expression was decreased in fetal mice hearts, heart. Igf2 expression in fetal mice brain was
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distributed in the cortex. While, 1gf2 was
expressed in the deciduas layer fetal mice pla-
centa. The protein levels of 1gf2 expression
were semiquantified with IRS (Figure 4B). We
again observed a significantly difference of 1gf2
protein expression in fetal mice brain betwe-
en the ethanol-treated and control group (P=
0.029, see Figure 4B). Although an individual
difference in the protein level was observed in
the fetal mice heart and placenta from the eth-
anol-treated group, the two groups showed no
significant difference according to Mann-
Whitney test (P=0.0788 and P=0.12, see
Figure 4B). Negative control subjects treated
with no Igf2 primary antibody showed no posi-
tive staining.

Discussion

In the present study, we revealed, for the first
time, that the molecular mechanisms by which
maternal ethanol consumption during pregnan-
cy adversely affected fetal development was in
a tissue-specific manner. We observed the
decreased DNA methylation at the three differ-
ent DMRs including Igf2 DMR1 in fetal mice
heart, Igf2 DMR2 in fetal mice brain, and H19
DMR in fetal mice placenta following prenatal
exposure to ethanol. And this could be related
to the increased Igf2 expression in fetal mice
brain and placenta, but decreased Igf2 expres-
sion in fetal mice heart. Our results suggested
that DNA methylation in the Igf2/H19 locus
and the subsequent expression of 1gf2 caused
by in utero exposure to ethanol is tissue-specif-
ic and may contribute to distinct fetal toxicities.
Additionally, different relationships between
DNA methylation and 1gf2 expression changes
might suggest partially distinct mechanisms for
Igf2 expression control in different tissues.

Ethanol exposure during fetal development has
been reported to be linked DNA methylation in
many previous studies. Maternal consumption
of ethanol during pregnancy can result in a
hypomethylation of fetal DNA due to decreased
DNA methyltransferase activity [241]. This could,
at least partially, account for our data which
revealed decreased methylation at three DMRs
(Igf2 DMR1, Igf2 DMR2 and H19 DMR in the
fetal mice hearts, brains and placentas,
respectively).

Current understanding of the effect of ethanol
exposure on methylation and expression of
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imprinting genes such as H19 and/or Igf2 has
come from studies in the whole embryo [29].
Downing and colleagues [30] reported small
decreases in DNA methylation at four CpG sites
in DMR1 regions of the Igf2 locus in embryos,
but no significant decreases in methylation in
the placentas were observed after prenatal
ethanol exposure. In contrast, Haycock and le
Ramsay [31] observed that DNA methylation at
both paternal and maternal alleles in the H19
imprinting control region were unaffected in
embryos exposed to ethanol, but paternal
alleles were significantly less methylated in
ethanol-treated placentas. The embryo is a het-
erogeneous tissue and this alone may con-
found methylation analyses. However, in our
study, we adopted more homogeneous and
specific tissues including the heart, brain and
placenta. Our data suggest that a tissue-specif-
ic methylation changes in three different
organs. A significant decrease in methylation
occurred within the I1gf2 DMR1 in fetal mice
hearts but not in brains or placentas from etha-
nol-treated groups. Decreased methylation in
Igf2 DMR2 was only determined in fetal mice
brains but not in the hearts or placentas.
Methylation decreased in the H19 DMR in fetal
mice placentas but not in the hearts or brains.

Usually, inverse correlations between methyla-
tion and expression are seen in many gene
regulatory regions, but alterations in DNA meth-
ylation may up-regulate or down-regulate gene
expression [32]. Our data revealed decreased
methylation of DMR1 and a decreased Igf2
expression trend in fetal mice heart, a finding
that agreed with Downing and colleagues who
also reported small decreases in DNA methyla-
tion at the Igf2 DMR1 and approximately 1.5-
fold decreases in methylation in embryos [30].
We observed that in fetal mice placental tissue
decreased methylation of H19 DMR and an
increased expression trend of 1gf2 occurred,
which was supported by others’ report that the
H19 DMR on the maternal chromosome is
required for Igf2 silencing [33]. Furthermore,
we suggest that, in fetal mice brain, there is a
statistically significant inverse correlation
between methylation of Igf2 DMR2 and Igf2
expression. On the contrast, Dejeux and co-
workers [34] observed that a loss of methyla-
tion in the IGF2 DMR2 caused reduced expres-
sion of IGF2 in endocrine tumors of the digestive

Int J Clin Exp Pathol 2016;9(4):4862-4871
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tract. It might be attributed to different tissues
used in the two studies.

In summary, we observed that maternal etha-
nol consumption during pregnancy induced a
distinct change in methylation patterns within
DMRs at the Igf2/H19 locus, potentially influ-
encing 1gf2 expression in the fetal mouse heart,
brain and placenta. These results suggest tis-
sue-specific DNA methylation and gene expres-
sion changes in fetal organs in response to
maternal ethanol exposure.

However, there are some limitations in our
study. Igf2 expression was non-statistically sig-
nificantly different in fetal mice heart and pla-
centa, which might be due to the small sample
size used in the expression study. Other expla-
nation regarding the non-statistically difference
was that the expression of Igf2, to some extent,
was possibly unstable and variable. Previous
report has demonstrated that IGF2 concentra-
tion was changing along with age in different
organ systems following prenatal exposure
[35]. Although the difference was non-statisti-
cally, the changing trend of I1gf2 expression in
our study was in accordance with this report in
fetal mice heart and brain except placenta. But
our results regarding 1gf2 expression in fetal
mice placenta was supported by a recent report
by X. Joya and et al [36] demonstrating that
ethanol exposure during pregnancy caused an
increase in the secretion of IGF2 in placenta.
However, further studies are needed to eluci-
date the underlying mechanisms behind the
tissue-specific 1gf2 expression regulated by
DNA methylation at DMRs in the Igf2/H19
locus.
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