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Abstract

In our previous work in mice, we have shown that chronic consumption of a Western diet (WD;
42% kcal fat, 0.2% total cholesterol and 34% sucrose) is correlated with impaired cognitive
function. Cognitive decline has also been associated with alterations in DNA methylation.
Additionally, although there have been many studies analyzing the effect of maternal consumption
of a WD on DNA methylation in the offspring, few studies have analyzed how an individual’s
consumption of a WD can impact his/her DNA methylation. Since the frontal cortex is involved in
the regulation of cognitive function and is often affected in cases of cognitive decling, this study
aimed to examine how chronic consumption of a WD affects DNA methylation in the frontal
cortex of mice. Eight-week-old male mice were fed either a control diet (CD) or a WD for 12
weeks, after which time alterations in DNA methylation were analyzed. Assessment of global
DNA methylation in the frontal cortex using dot blot analysis revealed that there was a decrease in
global DNA methylation in the WD-fed mice compared with the CD-fed mice. Bioinformatic
analysis identified several networks and pathways containing genes displaying differential
methylation, particularly those involved in metabolism, cell adhesion and cytoskeleton integrity,
inflammation and neurological function. In conclusion, the results from this study suggest that
consumption of a WD alters DNA methylation in the frontal cortex of mice and could provide one
of the mechanisms by which consumption of a WD impairs cognitive function.
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1. Introduction

Dementia is a progressive neurodegenerative disorder characterized by gradual cognitive
decline to the point of interference with independent living. Due to advances in medicine
and healthcare, average life expectancy is increasing. As the population ages, the prevalence
of age-related disorders, such as dementia, also increases! 2. In 2010, dementia affected
approximately 35.6 million individuals worldwide3. This number is expected to double
every 20 years, such that 65.7 million individuals will be affected in 2030 and 115.4 million
individuals will be affected in 20503. In terms of the economic burden of dementia in the
United States, the annual cost per case was between $41,000 and $56,000 in 2010, which
amounted to a total cost of between $159 billion and $215 billion*. That same year, the total
estimated worldwide cost of dementia was approximately $604 billion US dollars®. Despite
its substantial societal and economic burden, the etiology of dementia remains unknown.

There are several well-characterized risk factors for dementia, including non-modifiable risk
factors such as age, family history and the presence of genetically susceptible alleles®10,
However, the impact of modifiable risk factors such as obesity, hypertension, diabetes and
hyperlipidemia on dementia is less clear”: 11-13, With the alarming rise in the prevalence of
obesity in the industrialized world, an understanding of these modifiable risk factors for
dementia has become more pressing4. One contributing factor to the obesity epidemic is
increased consumption of a Western diet (WD), due in part to the advent of Industrial-era
foods as well as the increased availability and popularity of fast food®. /7 vivo rodent
feeding studies demonstrate that consumption of a WD, defined here as a diet with high fat,
moderately high sucrose and added cholesteral, is linked to insulin resistance and
hyperlipidemial6-19. Several controlled epidemiological studies have shown that
consumption of a WD s correlated with cognitive impairment20-24, Additionally, we and
others have found this association /7 vivo using rodent models (J. Rutkowsky, unpublished
work)20: 24-28 1mportantly, the frontal cortex is a region that is significantly impacted by
dementia; studies analyzing frontal cortex biopsies of patients with Alzheimer’s disease
suggest that synaptic loss within the frontal cortex is associated with cognitive decline2%-32,
Because the frontal cortex functions in cognition and works in close association with other
brain regions to modulate learning and memory33: 34, this region is often examined in studies
that focus on dementia and cognitive decline. However, the mechanisms by which
consumption of a WD might contribute to cognitive impairment are still unclear.

As interest in genomics research increases, studies on genetic mechanisms of disease have
gained popularity. It has recently been shown that epigenetic alterations, such as DNA
methylation, are often associated with various disease pathologies3>-38. DNA methylation is
the process by which a methyl group is transferred to a cytosine base by DNA
methyltransferase enzymes (DNMTS) to form 5-methylcytosine (5mC)3%. DNA methylation
preferentially occurs at cytosines followed by guanines (CpGs), and DNA methylation
within regions of high CpG content is often associated with decreased gene expression0.
DNA methylation is thought to inhibit gene expression in one of two ways: 1) methyl groups
recruit methyl CpG binding domain proteins, which in turn recruit transcriptional co-
repressors, chromatin remodeling proteins and histone deacetylases that act together to
inhibit gene expression#1-44; and 2) 5mC directly interferes with the binding of transcription
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factors necessary for gene transcription?4. Importantly, multiple studies have demonstrated
that both dementia and consumption of a high-fat diet (HFD), a primary component of a
WD, are associated with alterations in DNA methylation within the brain#>-51, For instance,
one study reported a global decrease in the methylation level of DNA in hippocampal region
of AD patients compared to non-demented, age-matched controls*6. Similarly, another study
found a decrease in the methylation near the transcription start site of the Mc4rgene in
response to a HFD®, However, most of these papers are focused primarily on maternal or
paternal consumption of a HFD and the subsequent effects on methylation status in the
offspring®0: 52. 53, Relatively few papers have examined the effect of chronic HFD
consumption on DNA methylation across time within the same individual®*-58, to say
nothing of the lack of data concerning the effect of chronic WD consumption on DNA
methylation. The primary aim of this study was to determine whether DNA methylation is
altered in the frontal cortex of mice following chronic consumption of a WD (42% kcal fat,
0.2% total cholesterol and 34% sucrose by weight).

2. Methods

2.1 Animals and diet

Male C57BI/6J mice were purchased at six-and-a-half weeks of age from JAX West
Laboratory (Sacramento, CA, USA). Upon arrival at the University of California, Davis,
where the experiments were conducted, mice were housed two-per-cage in cages fitted with
a transparent divider that had small holes to allow for visual and olfactory interaction and
were temporarily maintained ad /ibitum on a Teklad Global 18% Protein Rodent Diet
(Envigo, Indianapolis, IN, USA) prior to administration of the specialized diet. Mice were
kept in a temperature-controlled room with a 12 h light: 12 h dark cycle. At eight weeks of
age, mice were given semi-synthetic diets, either a Western diet (WD; 42% kcal fat, 0.2%
total cholesterol and 34% sucrose by weight (Envigo, IN, USA) or a low-fat, low-sucrose
control diet (CD; 19.2% kcal fat, 0% added total cholesterol and 12% sucrose by weight)
(Envigo, IN, USA) ad libitum for 12 weeks. A detailed composition of the diets can be
found in Supplemental Table 1. Mice were sacrificed at 20 weeks of age by exsanguination
under isoflurane anesthesia, and the brain was removed and immediately frozen in liquid
nitrogen. Frontal cortex was grossly dissected from the ~2mm section of frozen brain caudal
to the olfactory bulb and pulverized over dry ice. All procedures were approved by the
Institutional Animal Care and Use Committee at the University of California, Davis, follow
institutional guidelines, and are in compliance with national and state laws or guidelines.
The IACUC protocol number was 17818

2.2 Analysis of global DNA methylation by dot blot analysis

Genomic DNA was isolated from the frontal cortex using a DNeasy Blood and Tissue Kit
(Qiagen). The concentration and purity of the DNA was determined by measuring
absorbance at 230 nm, 260 nm and 280 nm. Global DNA methylation was analyzed by dot
blot analysis as previously described®”. Briefly, 50 ng of genomic DNA was denatured,
loaded in triplicate onto a nitrocellulose membrane and crosslinked to the membrane using
ultraviolet radiation. The membrane was blocked in Odyssey Blocking Buffer (LI-COR
Biosciences) and then incubated at 4°C with anti-5-methylcytidine primary antibody

Food Funct. Author manuscript; available in PMC 2019 February 21.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yokoyama et al.

Page 4

(Eurogentec) in Odyssey Blocking Buffer containing 0.1% Tween-20 overnight. The
membrane was subsequently washed in 1x PBS containing 0.1% Tween-20 and incubated at
room temperature with 680-IR secondary antibody (LI-COR Biosciences) for 1 h. The blot
was imaged using the infrared Odyssey Imager (LI-COR Biosciences) and washed in 2x
saline-sodium citrate buffer followed by equilibration in PerfectHyb Plus Hybridization
Buffer (Sigma) at 42°C. Biotin-labeled gDNA was hybridized overnight at 42°C to serve as
a loading control and then incubated with Streptavidin 800-IR secondary antibody (LI-COR
Biosciences) in Odyssey Blocking Buffer containing 0.1% Tween-20 for one hour at room
temperature. Finally, the blot was imaged on the Odyssey Imager and integrated intensities
were quantified using Odyssey software (LI1-COR Biosciences). Methylation integrated
intensities were normalized to total genomic DNA intensities.

2.3 Quantitative RT-PCR analysis of gene transcription

Total RNA was extracted from brain using the Direct-zol RNA Mini Prep kit (Zymo
Research) according to the manufacturer’s instructions. 2.67 ug of total RNA was reverse-
transcribed to obtain cDNA in a final volume of 21 pL using the SuperScript 111 First-Strand
Synthesis System (Invitrogen). Quantitative RT-PCR (gRT-PCR) utilizing SYBR as the
fluorescent reporter was used to quantify the expression of Dnmti, Dnmt3aand Dnmt3b.
Reactions were carried out in duplicate in 384-well optical plates containing 25 ng RNA in
each well. Gene expression was measured using the ABI ViiA7 Real-Time PCR System
(Applied Biosystems) and normalized to Gapdh. cDNA was denatured at 95°C for 10 min
and amplified during a sequence of 40 cycles consisting of a melting step at 95°C for 15 s
and an annealing and extension step at 60°C for 1 min. The Livak method®8 was used to
calculate relative changes in gene expression. Briefly, the C, which is inversely correlated
with target mMRNA levels, was defined as the cycle number at which the SYBR Green
emission reaches a preset threshold level. The target mMRNA transcripts were expressed as
the fold change between transcript levels in WD-fed animals compared with those from CD-
fed animals. The sequences for the primers used are available in Supplemental Table 2.

2.4 Whole genome bisulfite sequencing

Library preparation and sequencing—Six frontal cortex DNA samples were chosen
from mice fed either a CD or WD based on the quality of their Nanodrop parameters (n = 3
per group). Bisulfite treatment of genomic DNA was performed on these samples using the
EZ DNA Methylation-Lightning kit (Zymo Research) according to the manufacturer’s
instructions. Bisulfite-treated samples were submitted to the QB3 Vincent J. Coates
Genomics Sequencing Laboratory for library preparation and sequencing. Libraries were
constructed using TruSeq DNA Methylation kit (Illumina). Briefly, a specialized DNA
polymerase that recognizes uracil nucleotides was used to randomly prime bisulfite-treated
sSDNA and synthesize DNA strands containing a unique sequence tag. Tagged DNA was
purified for subsequent amplification using a 1.6x concentration of AMPure XP beads.
Amplification of the library, generation of a second strand of DNA and addition of
sequencing primers to both ends of the original DNA strand was subsequently achieved
through a 10-cycle PCR program. The final library was cleaned using a 1.0x concentration
of AMPure XP beads, and any primer dimers were removed. Samples were run using the
Illumina HiSeq 2500 as per the manufacturer’s instructions.
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2.4.1 Differentially methylated region (DMR) analysis—Analysis of WGBS data
was performed by Keith Dunaway of Janine LaSalle’s laboratory. All custom scripts and
code are available for download at github.com/kwdunaway/\WGBS_Tools as well as
instructions on how to use them. Brief descriptions of each script are also on the wiki of this
site.

2.4.2 WGBS alignment—Raw FASTQ files were filtered using Illumina quality score
check, then split into two files based on adapter contamination. If adapters were present, the
reads were trimmed to remove the adapters as well as the last 10 bases before the adapters.
This was done to remove biased hypomethylation contamination known to occur at DNA
within 10 bases of the 3’ adapter®®. Reads were then aligned to the mouse genome (hg38)
using BS-Seeker269. An example bash script can be found under examples/
Example_WGBSalignment.bash on the github site. Conversion efficiency was determined
by analyzing methylation percentage of mitochondria DNA since it is expected to have no
detectable levels of methylation0. Conversion efficiency was determined by analyzing the
conversion rate of the mitochondrial DNA using ConvEff_SAM.pl.

2.4.3 Windowing—Average coverage of each CpG was around 3%, which is enough to
confidently call 20kb windows®2, Methylation data for CpGs found within CpG islands were
masked before windowing. Windows that had less than 20 CpGs assayed for any of the six
brain samples were also removed. Methylation was determined for each 20kb using
Window_permeth_readcentric.pl through the following formula:

# of assays found to have methylated CpGs
Total # of assays for all CpGs

Significant differential methylation between WD and CD was determined through an
unpaired 2-tailed #test resulting in p < 0.05. Hypomethylation was called if WD methylation
was less than CD and hypermethlation was called if the inverse pattern was observed.

2.5 Bioinformatic analyses

Bioinformatic analyses of genes presenting changes in DNA methylation were performed
using independent software. For canonical pathway analysis, KEGG (Kyoto Encyclopedia of
Genes and Genomes) (http://www.genome.jp/kegg/tool/map_pathway2.html) and MetaCore
software packages MetaCore™ (GeneGo, St Joseph, MO, USA; https://portal.genego.com)
were used to identify significantly overrepresented pathways. Gene-gene interaction
networks were identified using a data-mining approach through MetaCore™.

2.6 Statistical analyses

Statistical analyses were performed using SigmasStat statistical software, version 3.5 (Systat
Software, Inc). Prior to statistical analyses, the data was tested for normality and equal
variance, and if necessary, transformations were applied to the data to meet these
assumptions. A 2-tailed Student’s #test was used to determine statistically significant
differences between treatment groups. Data are presented as mean £ SEM, unless otherwise
noted. A p-value < 0.05 was considered significant.

Food Funct. Author manuscript; available in PMC 2019 February 21.


http://github.com/kwdunaway/WGBS_Tools
http://www.genome.jp/kegg/tool/map_pathway2.html
https://portal.genego.com

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yokoyama et al.

3. Results

Page 6

3.1 Consumption of a Western diet reduces global DNA methylation in the frontal cortex

To test the hypothesis that consumption of a WD alters DNA methylation in the frontal
cortex, we initially evaluated the effect of a WD on global DNA methylation. Dot blot
analysis revealed that there was a significant decrease in DNA methylation from a relative
intensity of 1.42 to a relative intensity of 1.29 in the frontal cortex of mice fed a CD
compared with those fed a WD (p = 0.026) (Figure 1).

3.3 Transcript levels of the DNA methyltransferases are not affected by diet

Because DNMT enzymes are responsible for DNA methylation, we sought to quantify the
expression of these genes in the frontal cortex of mice from the two diet groups. Transcript
levels of Dnmt1, Dnmt3aand Dnmt3b did not differ between mice fed a WD and mice fed a
CD (p=0.587, p=0.780, p= 0.449, respectively) (Supplemental Figure 1).

3.4 Consumption of a Western diet modulates the DNA methylation status of genes in the
frontal cortex

To further define DNA methylation differences in the frontal cortex of mice fed a CD or a
WD, we performed whole genome bisulfite sequencing (WGBS). We identified 3,660
differentially methylated regions (DMRs), of which 1,819 were hypomethylated and 1,841
were hypermethylated in WD-fed mice compared with CD-fed mice (Figure 2).
Additionally, we found sites of differential methylation that were localized within 743 genes.
Among these genes, 317 were hypomethylated and 426 were hypermethylated in mice fed a
WD compared with mice fed a CD.

We then performed bioinformatic analyses to characterize the cellular functions and
processes associated with the differentially methylated genes identified above. Initially, we
used MetaCore software to identify gene networks using a text-mining approach to
determine gene-gene interactions and identified 19 significant networks that are involved in
regulating different cellular processes, particularly those involved in metabolism, cell
adhesion and cytoskeleton integrity, inflammation and, importantly, neurological function.
To further refine the specific cellular pathways in which these genes are involved, we
utilized both the KEGG database and MetaCore software to identify overrepresented
pathways (Figures 3, 4, 5 and 6). Using KEGG, we identified several pathways related to
neurological function and disease, including neuroactive ligand-receptor interaction, axon
guidance, Huntington’s disease, Parkinson’s disease and Alzheimer’s disease (AD).
Furthermore, numerous genes were involved in the regulation of metabolism, cell adhesion,
leukocyte transendothelial migration and inflammation. Pathway analysis using MetaCore
produced similar results and identified pathways related to neurological function (e.g.
astrocyte differentiation and neuronal signaling pathways), cell adhesion (e.g. chemokine
adhesion), inflammation (e.g. platelet activating factor receptor (PTAFR) signaling pathway;,
histamine signaling pathway) and cytoskeleton remodeling and regulation. Thus, we
identified four main biological processes regulated by the genes presenting genes in DNA
methylation: metabolism, cell adhesion and cytoskeleton integrity, inflammation and
neurological function (Figures 3, 4, 5 and 6, respectively).
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4. Discussion

While there are likely a considerable number of biological mechanisms contributing to
dementia, it has been shown that 1) consumption of a WD is associated with dementia20-28;
and 2) both consumption of a WD and dementia are associated with alterations in DNA
methylation?>-51, Despite numerous studies analyzing the effect of maternal WD
consumption on DNA methylation in the offspring, few studies have looked at how chronic
consumption of a WD might impact DNA methylation within an individual. Here, we fed
male C57BI/6J mice either a WD or a CD for 12 weeks, and our results suggest that
consumption of a WD significantly alters DNA methylation in the frontal cortex. Dot blot
analysis revealed that there was a significant decrease in global DNA methylation in the
frontal cortex of mice fed a WD compared with mice fed a CD, though this was not
accompanied by significant changes in the transcript levels of any of the DNMTs. Finally,
bioinformatics analysis of WGBS data suggested that genes within pathways related to
metabolism, cell adhesion and cytoskeleton integrity, inflammation and neurological
function displayed differential DNA methylation following consumption of a WD.

Firstly, consumption of a WD was associated with decreased global DNA methylation in
mice, although there were no significant changes in gene expression in any of the DNMTSs.
Despite ample evidence that maternal consumption of a WD or a HFD influences DNA
methylation in the offspring, this phenomenon has not been widely studied within a single
individual. That is, to the best of our knowledge, our study is one of the first to show that
DNA methylation can change within a lifetime in response to an environmental factor such
as diet. This is particularly important as the study of the impact of modifiable risk factors on
dementia gains popularity. Importantly, like the results presented here, dementia is often
associated with global DNA hypomethylation in the brain62-64, Thus, our novel finding that
consumption of a WD results in global DNA hypomethylation in the brain can potentially
provide a mechanism by which consumption of a WD impacts dementia pathology.
Interestingly, a global DNA hypomethylation in the brains of offspring from dams that
consumed the HF diet has also been observed?, suggesting a potentially similar effect of
WD on DNA methylation in individual as in offspring of parents that consumed WD diet.
However, it appears that the alterations in DNA methylation in response to a WD do not
come about due to downregulation of DNMTSs, as we did not find any differences in the
transcript levels of Dnmt1, Dnmt3a or Dnmit3b. Instead, it is possible that post-translational
modifications of DNMTs, such as lysine methylation, account for the functional change in
DNA methylation reported here85-67. Additionally, dot blot analysis and WGBS, both of
which utilize bisulfite treatment of DNA to distinguish methylated cytosines from
unmethylated cytosines, cannot differentiate 5-hydroxymethylcytosine, the product of DNA
hydroxymethylation, from 5-methylcytosine, the product of DNA methylation. Thus, the
changes reported here could reflect either modification in DNA methylation or in DNA
hydroxymethylation, which is thought to be an intermediate step in the process of DNA
demethylation. Because of the antithetical effects of these modifications on gene expression,
it is important for future studies to distinguish between the two.

Secondly, WGBS analysis of the brain revealed that there were several pathways that
contained genes with altered DNA methylation profiles when mice were exposed to a WD.
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We found that pathways related to metabolism, cell adhesion and cytoskeleton, inflammation
and neurological function were especially impacted. Using the KEGG and MetaCore
databases, we identified several pathways related to metabolism that were significantly
affected by consumption of a WD. We observed DNA methylation alterations in the genes
that code for the subunits of NADH dehydrogenase, succinate dehydrogenase, cytochrome C
reductase and cytochrome C oxidase, all of which are essential components of the electron
transport chain, which is the site of oxidative phosphorylation in prokaryotic cells. For
instance, we observed significant DNA hypomethylation in Cox8and Cox11, both of which
are subunits of the larger cytochrome C oxidase complex. Interestingly, studies indicate that
consumption of a WD is associated with an increase in mitochondrial oxidative stress due to
the upregulation of electron transport chain components, which could contribute to cognitive
decline®8: 69, Because there have been very few studies analyzing DNA methylation in Cox8
and CoxI1and its effect on gene expression, it is not known how DNA methylation in these
genes could impact gene expression. However, DNA methylation is canonically associated
with reduced gene expression; therefore, the DNA hypomethylation observed following
consumption of a WD in Cox8and Cox11 could conceivably increase the transcription of
these genes and thus contribute to increased oxidative stress and potentially cognitive
decline.

The blood-brain barrier (BBB) is the regulated interface between the peripheral circulation
and the central nervous system (CNS). The cerebral microvascular endothelium is essential
for the health and function of the CNS70. More specifically, the endothelial cells of the BBB
play an important role in regulating the permeability of the BBB to both solutes and cells’L.
There are many cellular proteins that are involved in the regulation of BBB permeability,
such as transmembrane proteins (junctional adhesion molecule-1, occludin and claudins) and
cytoplasmic proteins (zonula occludens-1 and -2, cingulin, AF-6 and 7H6). These proteins
are further linked to the cellular actin cytoskeleton and are regulated by several intrinsic
signaling pathways, including the focal adhesion kinase pathway. Importantly, disruption of
endothelial cell permeability through alterations in the expression of these proteins can lead
to impaired BBB function and thus compromise the CNS.

One of the proteins involved in the focal adhesion pathway is SHC1. Overexpression of the
p66Shcisoform in endothelial cells resulted in increased endothelial cell permeability and
leukocyte transmigration through the endothelial monolayer2. It has also been shown that
genetic inactivation of p66Shc is neuroprotective in mice’3. In our study, consumption of a
WD decreased methylation in the promoter region of this gene, which suggests that its gene
expression will increase. This overexpression could be associated with a potential increase
endothelial cell permeability and consequently a decrease in cognitive function. This would
agree with the results of a study that showed that genetic ablation of p66Shc reverses
hippocampus-dependent cognitive deficits in a transgenic mouse model of AD74,

Another gene that displayed differential methylation in response to a WD was Gab1, a
member of the IRS1-like multisubstrate docking protein family that functions as a signaling
protein regulating cell migration and cytoskeletal dynamism. In endothelial cells, it has been
shown that Gab1 plays an important role in the regulation of monocyte adhesion and
vascular leakage’®. More specifically, it activates p28 Mapk, which in turn is required for
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Ang-2-mediated disruption of the endothelial cell barrier’>. We observed a significant
decrease in the methylation of GabI in response to WD consumption, which could result in
its overexpression and ultimately disruption of the BBB.

Thirdly, we identified several pathways related to inflammation that contained genes with
differential methylation upon consumption of a WD. For example, we observed a decrease
in the methylation status of the NFAT1 promoter region following consumption of a WD.
NFAT1 is a transcription factor that, upon translocation to the nucleus in response to its
activation by calcineurin, plays an essential role in regulating cytokine expression?.
Importantly, NFAT1 translocation to the nucleus is associated with the mild cognitive
impairment often seen in the early stages of AD’6. The hypomethylation in the promoter
region of NFAT1 observed here could potentially result in increased gene expression of this
transcription factor and therefore could contribute to the increased inflammation seen in the
early stages of cognitive decline.

Finally, bioinformatics analysis of our WGBS data revealed that there were a variety of
genes displaying differential methylation involved in pathways related to neurological
function. We observed that consumption of a WD resulted in hypermethylation of the
dopamine transporter gene (Dal). Datencodes a protein that pumps the neurotransmitter
dopamine from the synaptic cleft back into the cytosol and so is the primary mechanism by
which dopamine is cleared from the synapses following its release upon excitatory
stimulation of the neuron. DNA methylation within Datis inversely associated with gene
expression levels’’; therefore, although we did not measure the gene expression of Datin
our study;, it is plausible that the hypermethylation in Dat observed here could result in
downregulation of the gene expression levels and therefore the protein expression levels of
Dat. Importantly, decreased Dat levels are associated with cognitive impairment’8-81, and
DNA hypermethylation within this gene could at least partially explain how consumption of
a WD contributes to cognitive decline observed in our mice.

In conclusion, we found that consumption of a WD for 12 weeks decreased global DNA
methylation in the frontal cortex, a region implicated in several dementia pathologies, and
could potentially provide an explanation for how consumption of a WD impacts dementia.
Finally, we provide evidence that several gene networks and pathways contain genes with
altered DNA methylation upon consumption of a WD, and that these pathways primarily
affect metabolism, cell adhesion and cytoskeleton integrity, inflammation and neurological
function. This study demonstrates for the first time that chronic consumption of a WD can
affect DNA methylation of genes and gene patterns related to cognitive decline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Global DNA methylation
(A) There was a significant decrease in global DNA methylation in mice fed a WD

compared with mice fed a CD (p = 0.026). (B) Representative images of 5-methylcytosine
(5mC) and total genomic DNA (gDNA). Each dot in each treatment group represents an
individual sample from one mouse, in triplicate. 5mC relative intensity (R.1.) represents the
fluorescence intensity of 5mC normalized to the fluorescence intensity of gDNA. n = 6 per
treatment group, and results are expressed as mean = SEM. * p < 0.05 was considered
significant.
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Figure 2. A volcano plot comparing p-value versusfold change in the percent DNA methylation
for genesfrom micefed a Western diet ver sus mice fed a control diet

The negative logy-transformed p-values of each gene, represented as a single point on the
graph, are plotted against the log ratios of the DNA methylation fold change (FC). Black
points represent non-significant genes. Blue and red points represent genes that were
significantly hypomethylated and significantly hypermethylated, respectively, in mice fed a
Western diet compared with mice fed a control diet. p< 0.05 was considered significant.
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Figure 3. Visual representation of metabolism-related overrepresented geneswith significant
DNA methylation differences between mice fed a Western diet and mice fed a control diet

Each network or pathway (displayed on the y-axis) was graphed against the number of
significant genes within that network or pathway (displayed on the x-axis). * Pathway
identified using the KEGG database. ** Gene network identified using the MetaCore
database. *** Pathway identified using the MetaCore database. p < 0.05 was considered
significant.
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Figure 4. Visual representation of overrepresented genesrelated to cell adhesion and
cytoskeleton integrity with significant DNA methylation differences between mice fed a Western

diet and micefed a control diet

Each network or pathway (displayed on the y-axis) was graphed against the number of
significant genes within that network or pathway (displayed on the x-axis). * Pathway
identified using the KEGG database. ** Gene network identified using the MetaCore
database. *** Pathway identified using the MetaCore database. p < 0.05 was considered

significant.
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Figure5. Visual representation of overrepresented genesrelated to inflammation with significant
DNA methylation differences between mice fed a Western diet and mice fed a control diet

Each network or pathway (displayed on the y-axis) was graphed against the number of
significant genes within that network or pathway (displayed on the x-axis). * Pathway
identified using the KEGG database. ** Gene network identified using the MetaCore
database. *** Pathway identified using the MetaCore database. p < 0.05 was considered
significant.
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Figure 6. Visual representation of overrepresented genesrelated to neurological function with

significant DNA methylation differences between mice fed a Western diet and mice fed a control

diet

Each network or pathway (displayed on the y-axis) was graphed against the number of
significant genes within that network or pathway (displayed on the x-axis). * Pathway
identified using the KEGG database. ** Gene network identified using the MetaCore
database. *** Pathway identified using the MetaCore database. p < 0.05 was considered

significant.
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