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What is Epigenetics?!
An epigenetic mechanism brings about changes in
gene expression through mechanisms other than a
change in the underlying DNA sequence. These
mechanisms are critical in gene regulation at two
levels. The first is at the level of transcription, which is
mainly accomplished by methylation of DNA. The
second level of epigenetic control is achieved posttranscriptionally by small ncRNAs (i.e: miRNA) and it
allows for the fine-tuning of gene expression1. !
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Table 1. The affected promoters were subjected to Ingenuity Pathway Analysis. !
Molecular and Cellular Functions
Name
Cell Death
Cellular Development
Cellular Function and Maintenance
Cellular Movement
Cell Signaling
Physiological System Functions
Name
Nervous System Development and Function
Tissue Morphology
Behavior
Embryonic Development
Organismal Development

Epigenetics and FASD!

Epigenetic mechanisms are critical during embryonic
development. Alcohol exposure during these processes
affects the transfer of folate from the mother to the
developing embryo2. This is of significance to the
developing fetus as folate is essential in establishing
and maintaining DNA methylation. As a result, maternal
drinking during pregnancy may cause aberrant
methylation and ultimately Fetal Alcohol Spectrum
Disorders (FASD).!
!
Phenotypes commonly associated with FASD include
impairments in cognition, learning, executive function,
judgment, attention, and social adaptation3. Insight into
alcohol’s effect on the developing brain has been
assessed using animal models, particularly the C57BL/
6J (B6) strain of mice. We have previously
demonstrated that B6 mice prenatally exposed to
alcohol show behavioural deficits similar to individuals
with FASD, as well as long-term changes in the
expression of many genes in the brain4. !
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Hypothesis!
Alterations in DNA methylation and imprinted ncRNA
expression are associated with long-term alterations in
gene expression in the mouse brain after fetal alcohol
exposure.!
!

p-value
4.06E-04 - 4.97E-02
6.24E-04 - 4.52E-02
9.57E-04 - 4.97E-02
4.12E-03 - 4.52E-02
8.43E-03 - 4.97E-02

# Genes

p-value
3.86E-05 - 4.97E-02
1.64E-04 - 4.23E-02
1.62E-03 - 1.58E-02
1.23E-02 - 4.23E-02
1.23E-03 - 4.23E-02

# Genes

224
166
86
41
26

273
97
24
29
25

Figure 1. Ethanol exposed and matched controls brains show a significant (p=0.01) effect of maternal ethanol on genomewide DNA methylation for 6,660 gene promoter regions, that includes 50 of approximately 100 known imprinted genes in
the mouse genome.!
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miRNA Array Results!
We assessed the effect of ethanol via voluntary maternal drinking on the transcripts in the brains of the resulting adult
(PND 70) progeny. Furthermore, we also examined ethanol (injection) at first (T1), second (T2), and third (T3) trimester
equivalents of human development in order to confirm and expand on the results.!
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Genomic Imprinting and FASD!
The question of what initiates and maintains long-term
gene expression changes following fetal ethanol
exposure is not known. However, some recent studies
have shown methylation changes occurring in genes
that are known to be genomically imprinted5. Imprinted
genes are expressed in a parent of origin-specific
manner that is based on differential methylation of an
imprinting control region (ICR). Imprinting is critical
during neurodevelopment, as well as in the normal
functioning of the brain6. Furthermore, ~30% of
parentally-imprinted transcripts are hypothesized to be
noncoding RNAs (ncRNA)7.!
!
Co-incubation of ethanol-exposed mouse embryos with
folic acid, which is involved in establishing DNA
methylation, was able to prevent altered expression of
mir-10a and its target gene Hoxa18. Such results argue
that the ethanol-induced molecular cascade may involve
folate. However, the actual mechanism behind such
interactions remains to be elucidated.	
  

The Molecular Model!

DNA Methylation Array Results!

Figure 2. The results from mouse miRNA arrays show
that ethanol resulted in changes to the miRNA
expression. !
!
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Figure 3. The pattern of miRNA expression between control
and ethanol-treated brains is quite distinct. miRNAs affected
were specific to the timing and dosage of ethanol treatment. 	
  

Attenuation? Deprivation?!

Imprinted	
  Clusters	
  of	
  ncRNA	
  

Despite the majority of ncRNAS being unique, we have
observed that ~ 20% of them are encoded by one of the
three imprinted regions of the mouse genome: the
Sfmbt2, Snrpn-Ube3a (Human 15q11–q13), and Dlk1Dio3 (Human 14q32.2) regions, which also showed
differential methylation in a number of regulatory sites.
These imprinted regions are of special interest to FASD
because they are known to affect a range of
endophenotypes seen in FASD11, including; growth,
craniofacial abnormalities, and a range of cognitive and
behavioural deficits. They are also associated with
autism, schizophrenia, and the sister disorders: Prader–
Willi syndrome and Angelman Syndrome.!
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Figure 4. Cluster of Interest: Snrpn-Ube3a (Chr 7). The ncRNAs from this cluster showed
significant up-regulation in all 4 treatment paradigms and on both array types.!
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The Big Molecular Picture!

Looking through the Heterogeneity !

Methods!
Voluntary Maternal Consumption
Model:!
• C57BL/6J mice!
• Free choice!
• Quantity monitored daily!
• 70% preference for 10% EtOH!
• No Stress!
!
Array Analysis:!
• Male progeny raised
to adulthood!
• Whole brain total
RNA and DNA
extracted!
• To be confirmed by
bisulfite sequencing
and qPCR!
!

PTEN/AKT/mTOR/PI3K signaling!

Table 2. A data table was generated to represent
all possible miRNA and target gene interactions.
Thirty-four genes from the gene expression arrays
showed inverse pairwise relationships with
miRNAs from the miRNA expression arrays.
Interestingly, of the 34 genes identified, four are of
special interest in the context of FASD because of
their roles in the brain. This data was then
analyzed in the context of DNA methylation .!
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