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ABSTRACT

Background and aims: The aim of this study was to perform a systematic review of
the association between DNA methylation and coronary heart disease (CHD) or

related atherosclerotic traits.

Methods: A systematic review was designed. The condition of interest was DNA
methylation, and the outcome was CHD or other atherosclerosis-related traits. Three
DNA methylation approaches were considered: global methylation, candidate-gene,
and epigenome-wide association studies (EWAS). A functional analysis was

undertaken using the Ingenuity Pathway Analysis software.

Results: In total, 51 articles were included in the analysis: 12 global methylation, 34
candidate-gene and 11 EWAS, with six studies using more than one approach. The
results of the global methylation studies were inconsistent. The candidate-gene
results were consistent for some genes, suggesting that hypermethylation in ESRa,
ABCG1 and FOXP3 and hypomethylation in IL-6 were associated with CHD. The
EWAS identified 84 genes showing differential methylation associated with CHD in
more than one study. The probability of these findings was <1.37-10". One third of
these genes have been related to obesity in genome-wide association studies. The
functional analysis identified several diseases and functions related to these set of

genes: inflammatory, metabolic and cardiovascular disease.

Conclusions: Global DNA methylation seems to be not associated with CHD. The
evidence from candidate-gene studies was limited. The EWAS identified a set of 84
genes highlighting the relevance of obesity, inflammation, lipid and carbohydrate
metabolism in CHD. This set of genes could be prioritized in future studies assessing
the role of DNA methylation in CHD.

Keywords: DNA methylation, myocardial infarction, coronary heart disease,

atherosclerosis, systematic review.



1. INTRODUCTION

Cardiovascular diseases (CVDs) are the leading cause of mortality and morbidity,
being responsible of 31% of global deaths in 2012 and 14% of all-age disability-
adjusted life-years (DALY) in 2015 [1,2]. Coronary heart disease (CHD) is the leading
individual cause of morbidity and mortality, and atherosclerosis is its main underlying

mechanism.

Although the pathogenesis of CHD and its underlying atherosclerosis is not
completely understood, a growing body of evidence suggests an important role for
epigenetics in the development of atherosclerosis [3]. Epigenetic modifications can
alter the expression of genes without changing their sequences. Deciphering the
epigenomic signatures linked to CHD and atherosclerosis could contribute to better
understanding of their mechanisms and to the definition of new therapeutic targets

and preventive strategies.

DNA methylation, one of the most well-known epigenetic signatures, consists of the
covalent methylation of the C5 position of cytosine residues when they are followed
by guanine residues (CpG dinucleotides) [4]. It is heritable but it is also a dynamic
process related to environmental stimuli. Both global methylation status of the
genome and differentially methylated specific loci have been studied in several

atherosclerotic conditions.

The aim of this study was to perform a systematic review to summarize all available
evidence related to the association between DNA methylation and CHD. We selected
studies that analyzed DNA methylation at either a global or gene-specific level, the

latter using either a candidate-gene or epigenome-wide association approach.

2. MATERIALS AND METHODS

Data sources and searches

A systematic review of the articles included in PubMed database
(www.ncbi.nim.nih.gov/pubmed) until December 7" 2016 was designed. The search
terms were as follows: “DNA methylation” AND (“Coronary heart disease” OR


http://www.ncbi.nlm.nih.gov/pubmed

“Ischemic heart disease” OR “Myocardial infarction” OR “Cardiovascular risk” OR
“Vascular age”). No limits were defined on the basis of language, country or
publication date. The reference lists of all relevant original research and review
articles were also manually scanned to identify potentially missed studies (AF-S).
(Figure 1).

Study selection

The condition of interest was the differential DNA methylation, and the outcome was
CHD (myocardial infarction or angina), atherosclerosis or other CVD diseases related
to atherosclerosis. DNA methylation was considered either global or at specific CpGs
or at CpG islands (CGls) as defined by each study, with no restriction regarding

laboratory method or gene panel.

Studies were considered as eligible if they: a) were full-length original studies
published in peer-reviewed journals; b) investigated the DNA methylation patterns in
relationship with CHD or atherosclerosis traits, by using epidemiological
observational designs or other experimental studies in human cell culture; c) the
study was published in English. Those studies undertaken in specific populations of
patients, such as familiar hypercholesterolemia or chronic kidney disease, were
excluded. No restriction criteria were imposed with regard to: a) the type or size of
the population studied; b) the tissue or anatomical site analyzed; c) the length of
follow-up. Animal studies or non-human cell culture studies were excluded from the

review.

The selection of eligible studies was performed in two phases. In the first one,
studies that were not relevant for the aim of the review according to the content
summary in the title or the abstract were excluded (AF-S). In the second phase, the
articles were fully read for their eligibility according to the pre-defined
inclusion/exclusion criteria (AF-S). In case of doubt, the inclusion of that study was

discussed with a second reviewer (RE).

Data extraction and quality assessment

Studies were classified according to the DNA methylation approach as: (i) global

methylation studies, (ii) candidate-gene methylation studies, and (iii) epigenome-wide



association studies (EWAS). In case of doubt, the classification of that study was
discussed with a second reviewer. Some of the eligible studies included data
obtained from more than a single approach. For each of them, the following data
were collected: surname of first author, year of publication, journal, PMID, country,
study design, population sample size, type of tissue analyzed, molecular technique
used to assess DNA methylation, clinical outcome, adjustment of the measures of
association and conclusions of the study. In the case of EWAS, population size of
both discovery and validation phase were recorded. Data were extracted initially by
one author (AF-S), followed by re-extraction of each paper by the co-author (RE).

Discrepancies were resolved by discussion and consensus.

Two of the authors (AF-S, RE) conducted a quality assessment of the selected
studies using the STrengthening the REporting of Genetic Association studies
(STREGA) recommendations for reporting results of genetic association studies [5].
We considered all the questions in the checklist if applicable to each specific study.
The final score for each study was the total number of checklist questions addressed

divided by the total number of applicable questions.

Data synthesis and analysis

Due to the large heterogeneity in study aims, study designs, molecular techniques
used to assess DNA methylation, analyzed tissues and evaluated outcomes, no
guantitative meta-analysis of the results of the eligible studies was performed. The
results are shown as a narrative synthesis and as summary tables according to the
three defined DNA methylation approaches.

In the case of EWAS, we identified those CpGs that were reported in more than one
study and we assessed whether the direction of the association was consistent
across studies (set 1). We also identified those genes showing at least one CpG/CGl
associated with CHD in more than one study, and also assessed whether the
direction of the association was consistent (set 2) or not (set 3). Finally, we estimated
the probability of finding a certain CpG and gene showing differential methylation
associated with the traits of interest in at least two or three studies by chance. To
calculate this probability we used a binomial approach and we made the following

assumptions: 1) the arrays analyze 400,000 CpGs per individual, and there are



20,000 genes in the human genome, and 2) the different arrays include 10 CpGs by
gene. We used the following equation:
B(x,n,P) = (7)p*(1 — p)**, where
- b(x, n, P) = probability that a n-trial binomial experiment results in x
successes, assuming the probability of success to be p;
- x =the number of successes that result from the binomial experiment. In our
case two and three studies;
- n =the number of trials in the binomial experiment. In our study corresponds
to the number of EWAS studies;
- p = probability of success on an individual trial. In our case was stated as
2.5-10° (1/400.000 CpGs) per CpGs and 5.0-10 [(1/20.000 genes)*10 CpGs

per gene] per genes.

Functional studies and pathway analysis

We performed functional analyses of the genes identified as differentially methylated
in more than one of the EWAS. On one hand, we searched in the Genome-wide
Association Studies (GWAS) Catalog (https://www.ebi.ac.uk/gwas/) if any of those
genes had previously been related to a cardiovascular or atherosclerotic trait in a

GWAS. If such was the case, the traits were recorded.

On the other hand, we performed a pathway and network analysis of three sets of
genes found in more than one of the EWAS: set 1, genes including the same CpG
methylation direction; set 2, genes with the same methylation direction at gene level;
and set 3, differentially methylated genes independently of the methylation
consistency. In that purpose, we used the Ingenuity Pathway Analysis (IPA) software
(http://www.ingenuity.com/;_QIAGEN, Redwood City, CA, USA). We uploaded the
Gene symbol identifiers of those genes. The database underlying IPA is referred to
as the Ingenuity Knowledge Base (Genes only). Only human annotations were
considered. Pathway analyses were performed with IPA’s Core Analysis module.
“Canonical pathways” and “Diseases and functions” terms with a p <0.05 in the
Fisher’s exact test or after Benjamini-Hochberg multiple testing correction were
defined as a statistically significant overrepresentation of input genes in a given

process.


https://www.ebi.ac.uk/gwas/
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In the “Canonical pathway” analysis, we selected all “Metabolic pathways” and
“Signalling pathways” related to “Cardiovascular signalling”, “Cell cycle regulation”,
“Cellular growth, proliferation and development”, “Cellular immune response”,

» 13 ” “

“Cellular stress and injury”, “Humoral immune response”, “Intracellular and second
messenger signalling”, “Nuclear receptor signalling” and “Transcription regulation”. In
the “Diseases and functions” analysis, we selected CHD and atherosclerosis-relevant
terms to create functional networks linking the input genes to functions or diseases.

These networks are based on the information contained in the IPA database.

3. RESULTS

We identified 96 potentially relevant publications in the PubMed database
(www.ncbi.nlm.nih.gov/pubmed) (Supplementary Figure 1). Based on the titles and
abstracts, full texts of 43 articles were selected for further evaluation. Of those, 31
were original studies, while the remaining 12 articles were reviews. The examination
of their reference lists allowed us to identify 20 additional original studies. In total, 51
articles met our eligibility criteria (Supplementary Table 1) and were included in the

analysis.

3.1. Characteristics of the included studies

Detailed characteristics of the eligible studies are summarized in Tables 2-4. The
outcomes of interest ranged widely, from CHD clinical events to atherosclerosis-
related traits such as smooth muscle cell phenotype (proliferative vs contractile),
carotid intima-media thickness, arterial stiffness, atherosclerotic plaque and
cardiovascular risk, cardiac fibrosis induced by ischemia, endothelial progenitor cells

function, and T regulatory cells function.

Of the 51 selected studies, 17 included participants from Europe [6—22] 14 from
China [23-36], six from USA [37—42], three from India [43—45], two from Canada
[46,47], and one each from Japan[48], Malaysia [49], Iran [50], Russia [51], Brazil
[52] and Mexico [53]. One article did not clearly specify the origin of the samples [54]
and two studies used commercial samples [55,56].


http://www.ncbi.nlm.nih.gov/pubmed

Seven studies analyzed global DNA methylation [6,7,23,34,36,42,52], 31 followed a
candidate-gene approach [8-14,20,22,24-33,35,38-41,45,46,49,50,54-56], seven
were epigenome-wide association studies (EWAS) [16,18,19,21,44,48,53], two used
both global DNA methylation and candidate-gene approaches [37,43], three used
EWAS and global DNA methylation approaches [15,17,51], and one used EWAS and
candidate-gene approaches [47]. Most of the studies had a case-control design
(n=29) [6,8,15,18,20,21,24-26,28-36,44-51,53,54,56]; the remaining study designs
were case-control nested in a cohort (n=5) [9-11,17,43], cohort (n=3) [13,22,41],
cross-sectional (n=3) [16,40,52], case-control and in vitro (n=3) [27,38,39], case-
control in a survey (n=2) [12,19], in vitro (n=2) [37,55], case-cohort (n=1) [14], cross-
sectional in a cohort (n=1) [42], cross-sectional and in vitro (n=1) [7] and cohort and

case-control in a survey (n=1) [23].

3.2 Global methylation studies

Twelve studies analyzing the association between global methylation and CHD or
atherosclerosis were selected. High heterogeneity was observed among the
molecular techniques used to assess global DNA methylation. Almost half of the
studies used the methylation measurement of repetitive elements (LINE-1 or Alu) as
a proxy for assessing global methylation [17,23,34,36,42] and the remaining studies
used other methods [6,7,15,37,43,51,52] (Supplementary Table 2a).

Most of the eligible global methylation studies analyzed this feature in blood samples
(n=8) [6,17,23,34,36,42,43,52] and the rest used vascular tissues [7,15,37,51]
(Supplementary Table 2a). Six of the studies included a sample larger than 100
individuals [17,23,34,36,42,43], two studies analyzed samples from fewer than 10
individuals [15,51] and one study used a cell line derived from the aorta but the

number of aortas isolated was not mentioned [37] (Supplementary Table 2a).

The results of the 12 eligible global DNA methylation studies were inconsistent, with
hypomethylation associated to CHD or atherosclerosis in six studies
[6,17,34,36,42,52], and hypermethylation associated to those same traits in four
studies [15,23,43,51] and to cardiac fibrotic burden in another [7]. The remaining

study found no association between global DNA methylation and the phenotype of



smooth muscle cell (proliferative vs differentiated) [37] (Table 1, Supplementary
Table 2a).

3.3. Candidate-gene methylation studies

Thirty-four studies analyzing the association between DNA methylation in candidate-
genes and CHD or atherosclerosis were selected (Table 2). In the analyzed studies,
several molecular techniques were used to assess DNA methylation at the gene level
(Supplementary Table 2b).

The vast majority of the selected candidate-gene methylation studies analyzed blood
samples (n=28) [8-12,14,20,22,24-32,35,40,41,43,46,47,49,50,56]. The other
tissues isolated were aortic [37,39,55] or other vascular tissues [13,38,54]
(Supplementary Table 2b). Five of the studies included more than 1,000 participants
[12,14,22,31,41], and 13 studies included a sample size between 100 and 999 [9—
11,13,25,27,30,32,33,40,45,49,50]. One study analyzed a commercial cell line
derived from one individual [55] (Supplementary Table 2b).

Four studies analyzed ESRa [8,24,37,38], while ABCA1 [9,46], ABCGL1 [12,30],
APOE [11,43], FOXP3 [27,33], IL-6 [31,32], MTHFR [11,49], and PON1 [11,20] were
analyzed in two studies. Two studies analyzed the association between epigenetic
aging and mortality due to CHD [41] or CVD [14]. The full list of candidate-genes and

the reported results are shown in Supplementary Table 3.

We found consistent results for ESRa, ABCG1, APOE, FOXP3 and IL-6.
Hypermethylation in the promoters of ESRa [8,24,37,38] and ABCGL1 [12,30]and in
FOXP3 [27,33], and hypomethylation in the promoter of IL-6 [31,32] were associated
with CHD, whereas APOE methylation was not [11,43]. However, a discrepancy was
observed between studies that found an association between CHD or atherosclerosis
and DNA methylation in the promoter of ABCA1 [46], MTHFR [49] and PONL1 [11]

and others that found no association [9,11,20], respectively.

3.4. Epigenome-wide association studies

Eleven EWAS analyzing the association between DNA methylation and CHD or
atherosclerosis were selected (Table 3, Supplementary Table 2c). The Infinium

Human Methylation 450 BeadChip Array (lllumina) was the most commonly used



array (Supplementary Table 2c) [15-17,19,47,48]. Most of the selected EWAS
analyzed blood samples (n=7) [16-19,21,43,47], and the others analyzed vascular
tissues [15,48,53] (Supplementary Table 2c).

Four EWAS only showed results of the discovery cohort without any validation of the
main findings [18,19,47,48]. Samples from more than 100 individuals were analyzed
in the discovery phase of three EWAS [16,17,19] and in the validation phase of three
EWAS [16,17,21]. Two EWAS included samples from fewer than 10 individuals in the
discovery phase [18,51]. Some studies discovered differentially methylated CpG
sites, while others found regions (“islands”) with a high frequency of CpG sites

(Supplementary Table 4).

Not all studies provided the full list of CpGs identified in the discovery phase. From
the available information, we identified 2,625 CpGs and 111 CpG islands (CGIs)
showing differential methylation associated with CHD or atherosclerosis
(Supplementary Table 4). The reported CpG sites or CGls were located within 1,540
different genes (n=2,057) and hundreds of intergenic regions (n=673)
(Supplementary Table 5). Six CGls did not match any pairwise sequence. Of the
2,625 reported CpGs, 14 were identified in more than one of the EWAS, and 8 of
these were located in different genes, showing a consistent direction of the
association (set 1). Of the 1,540 genes identified in those sequences, 75 were found
in two studies and only one gene was identified by three studies. Moreover, 8
additional genes were reported in two of the EWAS when considering genes located
upstream or downstream of intergenic CpGs/CGls. These 84 genes (set 3) and the
direction of the association between methylation at gene level and CHD are shown in
table 4. Of those 84 genes, 52 have shown consistency in the direction of the
association between methylation and atherosclerosis-related traits (set 2). The
probability of finding the same gene or CpG in two of the 11 studies was 1.37-107°
and 3.44-10*°, and in three studies was 2.05-10® and 2.58-10*°, respectively.

3.5. Functional studies and pathway analysis

We analyzed the biological function of the genes identified as differentially
methylated in more than one of the EWAS (n=84). First, we reviewed the Genome-
Wide Association Studies catalog and found none of the listed traits identified in 9 of

the genes and no CVD- or atherosclerosis-related trait in 19 other genes. The CVD-
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or atherosclerosis-related traits associated with the remaining 56 genes are shown in
Supplementary Table 6. Most of these genes showed several associations, the most

common being obesity-related traits (33%).

We next used the IPA software to identify enriched canonical pathways and the
“diseases and functions” terms related to the three sets of genes established
according to the consistency on the direction of the association between methylation
and CHD: set 1, 8 genes with consistency on CpG methylation status; set 2, 52
genes with consistent methylation at gene level; and set 3, 84 differentially
methylated genes. The main results are shown in table 5. The top canonical pathway
related to CHD or atherosclerosis, consistently identified by Fisher’s exact test in all
three sets, was RhoA signaling (Supplementary Figure 2). Statistical significance
declined when adjusting by Benjamini-Hochberg. Using this multiple comparison
adjustment, we observed five consistent cardiovascular-related terms in all three
sets: endocrine system disorders, cardiovascular system development and function,
inflammatory response, immune cell trafficking, and inflammatory disease.
Assessment of the more extended sets of genes (set 2 and 3) also identified the
following: cardiovascular and nutritional diseases; lipid, carbohydrate and vitamin and
mineral metabolism; connective tissue development and function or disorders, and
cell-mediated immune response (Supplementary Figures 3 and 4). As an example,

the defined cardiovascular disease network is shown in Figure 1.

4. DISCUSSION

In this review, we systematically analyzed the currently available evidence on the
association between DNA methylation and CHD and its underlying atherosclerosis.
Overall, the scarce evidence suggests no consistent association between global DNA
methylation and CHD. On the other hand, several studies have shown a relationship
between differential methylation at specific loci and CHD or atherosclerosis
outcomes, suggesting a role of epigenetics in the etiopathogenesis of CHD. In total,
84 genes were found in more than one of the EWAS, and this set was enriched in

genes related to obesity and metabolism.
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The 12 studies that examined the association between global methylation and CHD
reported contradictory results. These findings are consistent with other reviews of
DNA methylation and CVD studies [57]. Inconsistencies among the results were also
reported in systematic reviews examining the relationship between DNA methylation
and type 2 diabetes [58], and dyslipidaemia [59]. There are several explanations for
this inconsistency: first, methodological issues related to differences in sample size
and heterogeneous outcomes; second, the applied assay, the DNA source and the
DNA isolation method are critical in the interpretation of global DNA methylation
patterns but the analyzed studies had applied heterogeneous methods [60,61]; and
third, global methylation refers to the overall level of methylated cytosines within CpG
sites in the genome but does not take into account differential methylation at specific
loci. The effect of DNA methylation on gene expression is known to be dependent on
the location within the genomic sequence where it occurs. Consequently, gene- and
loci-specific methylation may be a more informative measure to determine the
association between DNA methylation and gene expression and health-related

outcomes [62].

Most of the selected studies analyzed DNA methylation using either a candidate
gene or an EWAS approach. Although the overall results are more consistent than
those from global methylation studies, the outcomes, sample sizes, methylation
assays, and DNA sources and isolation methods are diverse across studies, limiting
the interpretation of the overall results. The majority of the reviewed studies used a
candidate-gene approach. These genes were selected based on previous genetic
studies or their biological function. Only eight genes were examined in more than one
study; therefore, most of the findings must still be replicated. Considering the
replicated candidate-genes, hypermethylation in gene promoters of ESRa and
ABCG1 and in the first intron of FOXP3 and hypomethylation in the promoter of IL-6
were associated with CHD.

ESRa acts dually on cardiovascular cells and tissues: if this receptor bonds to
estrogen, the result is vascular protective effects, while the unligated form promotes
an inflammatory phenotype in vascular cells [63]. If hypermethylation of its gene
promoter inactivates its expression, it could be that no estrogen will bind the receptor

and thus, its protective effects would be lost. ABCG1 encodes a transporter involved
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in reverse cholesterol transport [64]. Thus, if hypermethylation in its promoter led to
its downregulated expression, this would be expected to influence atherogenesis
through a lower reverse cholesterol transport capacity. On the other hand, IL-6,
which encodes a pro-inflammatory cytokine, is related to CHD [65]. Therefore, under
atherosclerotic conditions, hypomethylation in its promoter could entail the
upregulation of its expression, leading to a higher production of the cytokine by
macrophages. Finally, FOXP3 encodes a transcriptional regulator crucial for the
regulatory T-cells (Tregs), which modulate inflammation and immunity, and their
dysregulation was associated with CVD and atherosclerosis [66]. Demethylation at a
highly conserved CpG-enriched element within FOXP3 intron 1 (FOXP3-i-I) has been
found to be restricted specifically to this type of Tregs [67]. A final consideration is the
important role of Apo E in the clearance of triglyceride- and cholesterol-rich
lipoproteins from the circulation, slowing down the process of atherosclerosis [68].
The results of four studies support the lack of association between DNA methylation
in APOE and CHD, suggesting that this relationship may be not influenced through

this epigenetic mechanism.

EWAS also examine gene-specific DNA methylation. They have increasingly
replaced the candidate-gene approach as they are useful to identify novel CpG sites
related to disease phenotypes. Large sample sizes are required and the results
obtained must be validated in a replication cohort [69]. Most of the reviewed EWAS
validated the obtained results in a replication cohort, but the sample size was
relatively small in all of them. Among the differentially methylated translating loci, 84
were identified in more than one of the EWAS, suggesting an epigenetic regulation of
those genes in CHD or atherosclerotic conditions. However, the direction of the
association between methylation at the gene level and CHD or atherosclerosis is
difficult to ascertain, as the effects of methylation on gene expression depend on
where the methylation occurs in the genomic sequence [62]. Using three distinct
approaches, we analyzed this issue first at the CpG level (8 CpGs showing
consistent association); second, at the gene level (52 genes); and third, selecting all

the genes showing differential methylation (84 genes).

Among the 84 genes found in more than one of the EWAS, differential methylation of

MCL1 was observed in three independent EWAS. It encodes isoforms of a member

13



of the Bcl-2 family involved in the regulation of apoptosis, both those maintaining cell
viability and inducing apoptosis [70,71]. Apoptosis is associated with the progression
of atherosclerosis, with opposing roles depending on the cell type, plaque stage and
apoptotic cell localization [72]. Interestingly, anti-inflammatory IL-10 was shown to
enhance both lipid accumulation in macrophages from ACS patients and MCL1
expression with an anti-apoptotic effect [73]. Thus, MCL1 may have an important role
in atherosclerosis development and it could be regulated differently in each stage

through a different mechanism, including DNA methylation.

From the 8 genes showing consistency in the direction of the association between
methylation at CpG level and CHD or atherosclerosis, CRELD2 and KCNJ14 (a
potassium channel) have not been related to any atherosclerotic trait. AIM2 encodes
a cytoplasmic DNA sensor that triggers the inflammasome in macrophages and is
upregulated in advanced coronary plaques [74]. TNS1 is differentially expressed in
atherosclerotic plaques [75,76]. NGEF is associated with abdominal visceral fat and
overall adiposity [77,78]. PKD2 has a role in monocyte migration and atherosclerosis
development [79]. HRH2 encodes an histamine receptor and is involved in
hyperlipidemia-induced atherosclerosis [80]. Finally, GRIP1 has been shown to play

a role in platelet function and thrombosis [81].

In addition, from the other 75 genes found in at least two EWAS, HOXA3, whose
expression is associated with high abdominal adiposity [82], has been recently
identified as differentially methylated in relationship with HDL functionality. Its
hypomethylation is associated with a high cholesterol efflux capacity and, thus, a

lower atherosclerosis burden [83].

A significant proportion of the genes identified as differentially methylated in more
than one of the EWAS were previously identified in genome-wide association studies
as associated with CVD or its risk factors and related conditions. The most frequent
one was obesity, which is a well-known coronary risk factor [84]. Similarly, in the IPA
for “diseases and functions” terms overrepresented among those genes, endocrine
system disorders, metabolic disease, and carbohydrate and lipid metabolism were
some of the most significant terms. These risk factors for atherosclerotic CVD have

obesity as a major driver [85].
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In conclusion, the present systematic review suggests that differential DNA
methylation at specific genes is associated with CHD or atherosclerosis. The findings
describe a set of genes that could be prioritized in future EWAS analysis. The EWAS
identify a set of genes highlighting the importance of obesity, lipid and carbohydrate
metabolism, inflammation and other pathways in CHD. Further studies are needed to
validate the reported results in larger sample sizes. In addition, a consensus method
for DNA methylation analysis could be useful to allow data comparisons, especially
regarding the type of tissue examined, the molecular technique used and the
confounder adjustment for statistical analysis. Finally, functional assays are required
to understand the molecular mechanisms that relate DNA methylation to CHD or

atherosclerosis and determine its causal, mediating or reversal of causality role.
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FIGURES AND TABLES

Figure 1. Downstream effect analysis of specific differentially methylated genes
associated with Cardiovascular disease (CVD), using the set 2 of genes (those
reported as methylated in the same direction by more than one of the EWAS,
independently of the CpG). Gene products (in the upper part) and CVDs (in yellow)
are represented as nodes, and the biological relationship between two nodes is
represented as an edge. Edge arrows indicate causation, while simple edges indicate
correlation. All edges are supported by at least one publication in the Ingenuity

Knowledge Database.
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Table 1. Main results of the studies using a global methylation approach.

Reference

Conclusion

Ying 2000*’
Castro 2003°
Sharma 2008*
Kim 2010%
Baccarelli 2010*?
Lin 2014%
Watson 2014’
Wei 2014
Zaina 2014%
Nazarenko 2015
Guarrera 2015

Ramos 2016°2

Non-significant increase in global DNA hypermethylation in proliferating SMCs vs differentiated SMCs.
Global DNA hypomethylation was associated with CHD.

Global DNA hypermethylation was associated with CHD, especially in aged patients.

Global DNA hypermethylation was associated with prevalence and incidence of CHD and its risk factors (Ml,
stroke, hypertension, diabetes) in males.

Global DNA hypomethylation assessed in LINE-1 was associated with CHD and stroke.
Global DNA hypomethylation assessed in LINE-1 was associated with ischemic stroke in men.

Global DNA hypermethylation in hypoxic cardiac fibroblast was associated to the fibrotic burden in hypoxia.

Global DNA hypomethylation measured in LINE-1 repeats was associated with CHD in the Chinese
population.

Global DNA hypermethylation was associated with atherosclerosis.

Global DNA hypermethylation was associated with coronary atherosclerosis.

Global DNA hypomethylation measured in LINE-1 repeats was associated with CHD and Ml risk in men, being

more pronounced in cases with shorter time to disease.

Global DNA hypomethylation was associated with higher cardiovascular risk in postmenopausal women.

CHD: coronary heart disease; CVD: cardiovascular disease. MI: myocardial infarction. SMCs: smooth muscle cells.
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Table 2. Main results of the studies using a candidate-gene approach.

Reference

Conclusion

Post 1999
Ying 2000*’
Zhu 2005°°
Kim 2007°*
Sharma 2008*®
Huang 2009%*
Huica 20118
Talens 2012°
Friso 20121°
Zhuang 2012%°
Zhao 2012%
Lakshmi 2013%°
Jiang 2013%

Jia 2013°%

Hypermethylation in ESRa promoter was associated with atherosclerosis and aging of the vascular system.
Hypermethylation in ESRa promoter was associated with proliferating SMCs.

Hypermethylation in exon 2 of MTC3 was associated with atherosclerosis burden.

Hypermethylation in ESRB promoter was associated with atherosclerosis.

No significant differences in methylation in APOE promoter between patients and controls.
Hypermethylation in ESRa promoter was associated with atherosclerosis.

Hypermethylation of TIMP1 and ESRa was associated with CVD and aging.

Hypermethylation of INS and GNASAS was associated with the incidence in Ml in women.

Hypomethylation in F7 promoter was associated with CHD in wild-type A1A1 genotypes.

Hypermethylation of p15™4®

ANRIL.
Hypermethylation in MAOA promoter was associated with decreased carotid intima-media thickness when
twins were analyzed as individuals, but in match pair analysis no association was observed.

was associated with CHD and may have been mediated by altered expression of

Hypomethylation in BNIP3 promoter and hypermethylation in EC-SOD promoter were associated with CHD.

Hypermethylation in PLA2G7 promoter was associated with CHD and aging in women independently of
classical risk factors.

Epigenetic suppression of FOXP3 might have led to downregulation of Treg cells and, in turn, increased the
risk of CHD.



Afzali 2013%°
Lu 2013%
Connelly 2013°°

Fiorito 2014%*

Gomez-Uriz
2014%°

Zhang 20142
Xu 2014%

Niu 2014%

Peng 2014%
Guay 2014
Pfeiffer 2015
Wei 2015%°
Baccarelli 2015°°
Yang 2016

Nguyen 2016*

Hypermethylation in NPC1 promoter was associated with CHD independently of other parameters.

Hypomethylation of FOXP3, which is a characteristic of Treg cells, was associated with non-CHD.

Hypomethylation of COL15A1 occurs during SMC proliferation and the subsequent increased gene expression
may impact SMC phenotype and atherosclerosis formation.

Hypermethylation in TCN2 promoter and AMT gene body in males, PON1 gene body in females, and CBS
5'UTR in both genders was associated with CHD.

Hypomethylation in TNF-a promoter was associated with stroke.

Hypomethylation of F2RL3 was associated with higher CVD mortality, as well as all-cause and other mortality.

Hypomethylation in GCK gene-body was associated with high risk of CHD, while its hypermethylation is
associated with aging in healthy individuals.

Hypermethylation in DDAH2 promoter was associated with CHD and with the dysfunction of endothelial
progenitor cells in CHD patients.

Hypermethylation in ABCG1 and GALNT2 promoters was associated with an increased risk of CHD.
Hypermethylation in ABCAL promoter was associated with CHD and aging in men.
Hypermethylation in ABCG1 was associated with CHD.

Hypermethylation in MTHFR was associated with ischemic stroke.

Hypermethylation of MT-CO1, MT-CO2, MT-CO3 and MT-TL1 was associated with CVD.

Hypomethylation in IL-6 promoter was associated with increased risk of CHD.

Hypomethylation in ANGPTL2 promoter was associated with the pro-inflammatory environment in post-ACS
patients.
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Perna 2016 Epigenetic age acceleration was associated with higher CVD mortality.
Horvath 2016* Epigenetic aging rates were not associated with incident CHD outcomes.

Zuo 2016 Hypomethylation in IL-6 promoter was associated with increased risk of CHD, especially MI.

Hypermethylation in ANRIL promoter was associated with increased arterial stiffness, which indicated greater

13
Murray 2016 cardiovascular risk.

Zhong 2016 Hypomethylation in COMT promoter was associated with CHD in males and with aging in controls.

CHD: coronary heart disease; CVD: cardiovascular disease. MI: myocardial infarction. ACS: acute coronary syndrome. SMCs:
smooth muscle cells.
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Table 3. Main results of the studies using an epigenome-wide approach.

Reference Conclusion

Castillo-Diaz hvlati h hvlati . ith ath | .

20105° Hypomethylation at 142 CGls and hypermethylation at 17 CGIs were associated with atherosclerosis.

Sharma 2014** Hypermethylation at 72 DMRs was associated with CHD.

vamada 2014% Hypomethylation at 15 CpGs in 14 genes and hypermethylation at 30 CpGs in 22 genes were associated with
atherosclerosis.

Zaina 2014% 1858 dm-CpGs were associated with atherosclerosis.

Sglrg?f'u”z 80 dm-CpGs and hypermethylation in the promoter of PM20D1 were associated with stroke.

Nazarenko 2015
Ek 2015%
Guarrera 2015
Oudejans 2016*®

Nguyen 2016

Rask-Andersen
2016%°

Hypomethylated CpGs in atherosclerotic samples were located within genes involved in inflammation, immune
processes and development.

16 CpGs at 11 genes out of 31 discovered and 66 CpGs identified by meta-analysis were associated with
CHD.

Hypomethylation at a DMR within ZBTB12 gene body was associated with CHD, being more pronounced in
cases with shorter time to disease.

12 DMRs were identified in the twin sisters at risk of CVD.

No statistical difference in methylation between controls and CHD patients.

211 dm-CpGs in 196 genes were associated with MlI, of which 42 had been related to cardiac function and
development, CVD and recovery after ischemic episode.

CHD: coronary heart disease; CVD: cardiovascular disease. MI: myocardial infarction. CGl: CpG island. dm-CpG: differentially
methylated CpG. DMR: differentially methylated region.
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Table 4. Differentially methylated genes identified in more than one epigenome-wide
association study (EWAS).

(A) Set 1, genes with one CpG reported as methylated in the same direction by
two EWAS (n=8)

Hypermethylated meTgﬁlg;ed
GRIP15! KCNJ145t PKD2"! AlM216:51
HRH2! NGEF®5! TNS15t CRELD?26482

(B) Set 2, genes reported as methylated in the same direction by more than
one EWAS, independently of the CpG (n=52)

Hypermethylated meTﬁlglg;ed
ABCB4>! DLC1%48 KCNJ14%5t SFRP4>19 AlM216:51
AcCOT2%5! DLG2%! MECOM®™®  SH2D4B'**! | CRELD2®%&
AR*SL2 DOCK5*1 NGEF**>! SLC6ABE™>? F2RL3'6>!
C1QTNF7*®  DSCAML1™**  OLFML3™®'  smoc2®™? GPR143°%°3
C4orf4881° DYSF1° PART1>! SYTL3M™™® HOXC5>!
CALD1'>*! FOXJ3™16 PDzD2>1° THSD4*>! MLC11951
CAMTA148 FYN®48 PHACTR2>% TNS11%51

GATA3-
CBFA2T3M™Y AS144>1 PKD2%*? TRANK1'>1
CORT™>! GRIP1>1 PKNOX21>44 vwc2s1e
CTNNA3# HAND2%*  RASGRF1%™'°  zBTB16™%°
DFNA5*1° HMCN1> RNF216°48
DIP2C>®® HRH2>%! SEPT9™“8

(C) Set 3, genes reported as differentially methylated by more than one EWAS,
independently of the CpG or the methylation direction (Set 2 + 32 additional
genes)

ABCCll5,5l CARsl5,16 Gscl9,53 PNL'PlS,Sl,b.
15,5
ABR548 CLICA45 53 HOXA3!551 fﬁ'UPRPl
ALx419,5l ESRRGlg,53,a. HOXCl115,53,a. SCEL15,51
15,51,b.
ARHGEF10%16 FAM109B1%°3 HOXD4>%153:2 TAS2R9
ARID1B*8 FMNL21® IL5RA®S! TEAD1®°!
ART415:19:b: FOXP1%553 MIR2054>1° TGFBR3®4
BEND6>1° GCNT2551 MRPSQ®532 TICAM115532
CAPZB63 GDF61° NRG11° WT15t

2genes that are upstream or downstream of one of the reported CpGs; "genes within
which one CpG/CGI was reported by two EWAS.
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Table 5. Ingenuity pathway analysis: functional classification of the three sets of

genes identified as differentially methylated in more than one independent EWAS.

Set 1 includes the 8 genes with methylation consistency at CpG level. Set 2 contains

the 52 genes with methylation consistency at gene level. Set 3 comprises the 84

genes found as differentially methylated genes in more than one EWAS,

independently of the consistency of the methylation direction. (A) Ingenuity pathway

analysis of “Canonical pathways” using Fisher’s exact test. (B) Ingenuity pathway

analysis of “Diseases and functions” using Fisher’'s exact test and Benjamini-

Hochberg multiple testing correction. Note that those “Diseases and functions” terms

in italic separated by a dash line are only significant when using Fisher’s exact test.

Terms in bold are those found as enriched for the three sets of genes.

Set 1

|

Set 2

|

Set 3

(A) Canonical pathways

- Inflammasome pathway
- FAK Signaling

- Gas Signaling
- RhoA Signaling

- RhoA Signaling
- FAK Signaling
- Acyl-CoA Hydrolysis

- Retinol Biosynthesis
- Triacylglycerol
Degradation
- RhoA Signaling
- Ephrin A Signaling
- RhoGDI Signaling
- Acyl-CoA Hydrolysis

(B) Diseases and function
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SUPPLEMENTAL MATERIAL

Supplemental Figures

Figure 1. Flowchart of the systematic selection process for the included and excluded

studies.
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Figure 2. Ingenuity pathway analysis of “Canonical Pathways”. Functional
classification of: (A) set 1, genes with one CpG reported as methylated in the same
direction by two EWAS; (B) set 2, genes reported as methylated in the same
direction by more than one of the EWAS, independently of the CpG; and (C) set 3,
genes identified as differentially methylated in more than one of the EWAS,
independently of the methylation direction. Fisher’s exact test was applied. The
orange dots connected by a line indicate the ratio (lower axis) between the number of
genes from our dataset that map to one pathway and the total number of genes from
the Ingenuity database mapping to the same pathway.
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Figure 3. Ingenuity pathway analysis of “Diseases and functions”. Functional
classification of: set 1, genes with one CpG reported as methylated in the same
direction by two EWAS,; set 2, genes reported as methylated in the same direction by
more than one of the EWAS, independently of the CpG; and set 3, genes identified
as differentially methylated in more than one of the EWAS, independently of the
methylation direction, using Fisher’s exact test (A) or Benjamini-Hochberg (B-H)
multiple testing correction (B).
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(B-Set 3)
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Figure 4. Downstream effect analysis of specific differentially methylated genes associated with cardiovascular-related “Diseases
and Functions”, using: genes with one CpG reported as methylated in the same direction by two EWAS (Set 1), genes reported as
methylated in the same direction by more than one of the EWAS, independently of the CpG (Set 2), and genes identified as
differentially methylated in more than one of the EWAS, independently of the methylation direction (Set 3). For these networks,
gene products and diseases or functions are represented as nodes, and the biological relationship between two nodes is
represented as an edge. Edge arrows indicate causation, while simple edges indicate correlation. All edges are supported by at
least one publication in the Ingenuity Knowledge Database. The legend of the interaction networks is also summarized.
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(C) Cardiovascular disease

HRH2

N

// N
’ N
P N

~

hemodynami“g,instability orthostatic hypotension

Set 1l

PART1
/ N

/ AN <7 %\ CINNA3
sKoG2 SN )/’«(j/// N\ B\
T Ny it ST N RE D AN e W7\ CAMTAY
/ A s s // l\,)q \ \\// V¥ /7 \ //
“ | / 7NN Valyvs / P\k VA ’\/\\ AN S \
\ ! / s X // A // 7 )\\/’( AN A V.
\ I ! A Sl g B S AN NN ’ N \
L e NS AT e N s - \  Hawo2
| / / Ve / N L7 N // - | w \ Va /,( \ \ |
\ sy P 2 TR TN N V2B \
N II v \)(/ T oo WA X LN \ v
NS S s \ I \ NN Y I
v ," /////// iy ,;/,>§’ Meom! : \ \\ \x\ P \ \hypertréphy of cardiac muscle
o e //,’///’ / RNEAN ,’ | ‘\ )‘// >\>\/ )I\ \\ \\ |
. Y el Yo N | y TN N\
disorder o@%ﬂ pres/s/ur/ /’/,/ // /I / \\ }I\ : \\ // /)\/ \Yi((a\ ‘H@I arrhgthmogamc rlght vehtricular dysplasia type 13
N
gz S / / AN G / AN
I ) / ! Paite \ J—‘
peripheral v_aic,_ular d|sea;é // / I’ \Q\ | ///"; \\ // \\ \Oe\reliral anhy‘lo‘id angiopathy
N
/ !/ corbnarylartery disebse \/ p A
nonischemic dillatecli cardiomyﬂpathy / ,’ d \\ /X\ B(:rebrovascula_r dysfunction
m / I \ N gy
hypertension resistant to.conventignal 1herap& v/ \\ ﬁbrosﬁjﬂwan
\ oy
arterlaj_jﬁ'emng | /diastoli¢ heatt failure

Behc[e_LdEease hypel’trophlc_tj:dlomyopathy

Set 2

CTNNAg CAMTAT Jm\\ ” . ZMARQHO

J*‘ N AN/ . FAW109B
| W
\ \ " \
I AN U [ SN /\/\\ ,/ \\ \ \ \ | swmoc2
[ I 3 % X, A T
I I Mo LB KON N vV 287816
(A \ /
I I NN BN - A N Y
1 | NNy /y\ NN LN W [ 4
| N\ N \ \ /
| : \ l A A N < Ve % \\ \
: ! \r\ [ _/)\ \\ W \\\\ \\ N\ 'l // /
v | coronary artery tisease \ \ SONRM A [ 7
I 1 \ \ \ SO\
apoptosis of ventricular myacytes ] \ \ \\ N \\\\ | ///
I \ N \ N\
1 \ \
familial arrhythmogenic right ventricular dyspldsia type 13 \\ A disorder of blood pressure
. ‘\ \ \
|

\
diastolic heart failure nonischemic dilated cardiomyopathy
fibrosis of heart arterial stiffening

Set 3

(D) Cell-mediated immune response and Immune cell trafficking

+ !

activation of dendritic cells chemotaxis of naive T lymphocytes

Set 1 Set2and 3

(only Immune cell trafficking)

HRH2




(E) Connective tissue development and function
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(H) Endocrine system disorders
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(K) Lipid metabolism

. - / rqetabol' m of very long chain fatty acid
secretion of phospholﬁu ! ﬁ&

. ) - efflux Df\ohcsphatidylethanolamine
biliary excretion of DhuS{#{)\lDld

-2 4 A%?
-7
- ":/’////fl‘\\\ n\\\\
efflux ofsphméﬁye\m - /////I' I \\\ { \\ \‘
~ // s / | \ | \
concentration of sphingomyghf! // // [ \\ mer‘%’“"’\’{“ ol acgkcaenzyme A
‘/ 7 / / | \\ N\ : ¥
translocation of phosphogfa /1| \ Y\ metabolisth of long chain faty acid
s ! I 4
|
|
|
|

efflux of phosphatidylchol\ne‘quantity of phosphatidylethanolamine

of phospt

Set 2

(L) Metabolic disease

.’ \ \ \

¥ ',A f Cl-ﬁljm
/
/

i
I \\ \\ \ ,' /
/
|cerebral amyEd ar;gmpaﬁhy \\ \\ \\\ ',' //
!/ e
} / f" \\ N \\ ,f r
Nettleship-Falls typelocular albiniém ] \ \ \ /
4i 7 / \ Mo
! \

hylﬁka@ma non-‘nsulln depende nt dlabetes mellitus

hyperaldosteronism
severe héﬁat’J c steatosis

Set 2

Al
A A2 PQP /NS~
71 NN

f -
; T rn A SN
/1 - S P / \ ,,"m\\\\\\\
/) - A AN / \ SN N TS
/o P / / | P Y ’/‘ \ VA N B N NN o
PN e a : / : \ \ r ﬁ’ ‘ \\ AN S
- - N / | \
’A/’IL/ / .," 1 ".' I \\b'"d'ng of tricaprilin ¢ 1" I\ \ ?rsr{s\acation of phospholipid
s | i \ A\
accumulation of I\Pld / '," | / : ‘\ hydrolysis of retinyl ester}l / ;‘ l\ \ \ 4
v /I / : ,." | \ ,’ ” [ \‘ efflux of phosphatidylcholine
/ / | \ [
accumulation of cholesterol ester / I ,f 1 \ ," [ ‘. ‘
M I / | \ / '," 1 1 ccncsblrallon of sphingomyelin
| ] | \ / ! |
accumulation of leukotriene, \
: ’," ‘I \ ’." 1 sfflux of#hosphatldylelhanolarnlne
transport of leukotriene G4 ¥ J [ Y /
| \ / b](lary éxcr-uan of phospholipid
cytotoxicity of 15-deoxy-delta-12, #l -PGJ 2 : /
fu anmy of osphandy\emanolamme

metabolism of acyl-coenzyme A *metabohsm of very long chaﬁ fatty acid
secretion of phospholipid
metabolism of long chain fatty acid ¥ Prosphotip
efflux of sphingomyelin

Set 3

cPRiss MR 81818 f CAMTA1 FOXP1
N \ BN -
P N AN / oiP2c
\ \ // | \ \L // /\_,.
M | | \ \ | NS 7 4
-’ | [ \ 1% | L Ny pd -
- I AA I ANVAS e
\ 4 I N | NS N -
[ I Moo AN
pancreatic lipase deficiency ,/\\ \ | / AN X
\ 4 Vi (A | ! / N ~
e / N PSS 5'\/ ~
Nettleship-Fallg t)ﬁe ocularalbip'rérn \\ \\ | / ///// \ hyplokaEinia
. vy Ly /// e \
severe hépatic/steatosis \\\ V7,7~
| Lyze”
v hyperal&)jleromsm

non-insulin-depeer‘ent diabetes mellitus

Set 3

12



(M)Nutritional disease

. oo

|
! i

JL 11
dela)!éwg:ﬁbeny WAGR synd:_cfn]ﬂ with obesity delaye(ﬂ)uberty

Set 2 Set 3
(N) Vitamin and mineral metabolism
\
2
/Pl\ \‘ ! /
/ \ \ /
/ \ v/
¥ bl ¥
release of Ca2+ transport of Ca2+ release of Ca2+
Set 1l Set 2
Legend

t
Y

PTOO0OAE QAL <

Enzyme

G-protein Coupled Receptor
Transmembrane receptor
Growth factor

lon Channel

Kinase

Ligand-dependent Nuclear Receptor
Trasncription Regulator
Trasnporter

Other

Function

Disease

Relationship

v

hydrolysis of retinyl ester

Set 3

13



Supplemental Tables

Supplementary tables (1-6) are available in the Excel file.
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Table 1. Study eligibility criteria.

Study eligibility criteria

CpG or CGI methylation as defined by each study (no restriction regarding

Differential DNA methylation laboratory method, gene panel or marker threshold value)

Outcome measure MI, CVD, CHD or atherosclerosis

Study design Epidemiological designs and in vitro in humans

Any/General population, excluding specific subgroups of patients, such as those

Population size/type with familiar hypercholesterolemia or chronic kidney disease

Anatomical site Any
Study tissue Any
Length of follow-up Any

CGl: CpG islands; MI: myocardial infarction; CVD: cardiovascular disease; CHD: coronary heart disease.




Table 2a. Summary of the selected studies u:

ing a global m

thylation approach with all the extracted information

Reference ) N . . N N Quality’
First author, year and journal BVID Country Study Design Reference population Sample size Tissue Methylation strategy Outcome Conclusion e A
. . Non-atherosclerotic aorta (derived Non-significant increase in global DNA hypermethylation in
=2 X
Ying 2000 Cardiovasc Res 10727665 USA In vitro Organ donors n=7? MCs) RLGS-M SMC phenotype proliferating SMCs vs differentiated SMCs. 10/31
Castro 2003 Clin Chem 12881445 | POTUgaIThe | oo contol | Male atherosclerotic vascular patients | ;7 oy caces (g stroke + 8 Mi) + 15 controls Blood (leukocytes) Cytosine extension assay Stroke or MI Global DNA hypomethylation was associated with CHD. 17/37
Netherlands? (stroke or MI) and healthy controls

Sharma 2008 DNA Cell Biol 18613790 India Case-control CHD patients and healthy controls 137 CHD cases + 150 controls Blood Cytosine extension assay CHD Global DNA hypermethylation was associated with CHD, 17/35

nested in a cohort especially in aged patients.

Case-controlin a . MI, stroke, Global DNA hypermethylation was associated with prevalence
Kim 2010 PLoS One 20300621  China  |cross-sectionaland|  Singapore Chinese Health Study | 286 (101 prevaleg:‘gkélzs:)ses + 52 incident Blood (leukocytes) MethyLight assay of ALU and SAT hypertension or and incidence of CHD and its risk factors (MI, stroke, 30137

cohort diabetes hypertension, diabetes) in males but not in females.
g 712 (242 prevalent CVD cases; 470 CVD free CHD, stroke, and .

Baccarelli 2010 Epidemiology 20805753 USA Cross-sectional in a| Elderly men from the Normative Aging | "™ - ine. 44 incident CVD cases + 86 Blood LINE-1, pyrosequencing CHD and stroke Global DNA hypomethytation assessed in LINE-1 was 32/37

cohort and cohort Study associated with CHD and stroke.

deaths) mortality
Lin 2014 Curr Neurovasc Res 24295503 China Case-control Ischemic stroke patients and healthy 280 ischemic stroke cases + 280 matched Blood LINE-1, pyrosequencing \schemic stroke Global DNA hypome_thg{\auon a_ssessed _|n LINE-1 was 20136
controls controls associated with ischemic stroke in men.

Cross-sectional Stable patients undergoing elective 26 CHD cases (13 with high hypoxia markers . Flow cytometry based on an antibody specific Cardiac fibrosis | Global DNA hypermethylation in hypoxic cardiac fibroblast was
Watson 2014 Hum Mol Genet 24301681 frefand and in vitro cardiac-bypass surgery and 13 with low hypoxia markers) Right atrial appendages to methylated DNA induced by ischemia associated to the fibrotic burden in hypoxia. 15733
Wei 2013 Arq Bras Cardiol 24918913|  China Case-control CHD patients and healthy controls 334 CHD cases + 788 controls Blood (leukocytes) LINE-1, pyrosequencing CHD Global DNA hypomethylation measured in LINE-1 repeats was 29/37

associated with CHD in the Chinese population.
g g d hyper d
Zaina 2014 Circ Cardiovasc Genet |25091541 Spain & Case-control Deceased Spanish woman 1 donor-matched pair of atherosclerotic/ Aorta (donor-matched Bisulfite sequencing Atherosclerofic Gen DNA hyp was with 21137
Sweden normal aorta atherosclerotic/ non-atherosclerotic) plaque atherosclerosis.
Atherosclerotic right coronary artery, .
Nazarenko 2015 PLoS One 25856389 Russia Case-control Russian men undergoing surgery for | - 4 donor-matched samples of the 3 tissues ;oo mammary arteries and great Infinium HM27 BeadChip (lumina) Coronary Gen DNA hyper ' was with 25/36
severe coronary artery stenosis from 6 individuals atherosclerosis coronary atherosclerosis.
saphenous veins (donor-matched)
Case-control MI cases and healthy controls from 292 prevalent CHD cases + 247 matched LINE-1, Infinium HM450 BeadChip (llumina) in Global DNA hypomethylation measured in LINE-1 reapeats

Guarrera 2015 Clin Epigenetics 26705428 Italy Italian EPICOR and Dutch EPIC (EPIC-| controls (EPICOR), 317 incident CHD cases + Blood (leukocytes) EPICOR samples, MALDI-TOF mass CHD and Ml risk was associated with CHD and Ml risk in men, being more 31/37

nested in a cohort

NL) 262 controls (EPIC-NL) spectometry methylation assay in EPIC-NL pronounced in cases with shorter time to disease.

Ramos 2016 BMC Med Genet 27724854 Brazil Cross-sectional Postmenopausal women 90 Blood (leukocytes) MDQ1 Imprint kit (ELISA-based kit) Cardiovascular risk Globa‘\)?NA hypomﬁ;r:yrlill\(o‘: was assocwattalda\:v;?;mg:er risk 25/34

MI: myocardial infarction. CVD: cardiovascular disease. ACS: acute coronary syndrome. CHD: coronary heart disease.RLGS-|

: restriction landmark genome scanning. MALDI-TOF: Matrix-Assisted Laser Desorption/lonization - Time Of Flight. MDQ1: Methylated DNA Quantification Kit.




Table 2b. Summary of the selected

st author, year and journal

[Post 1999 Cardiovasc Res
Ying 2000 Cardiovasc Res

Zhu 2005 Circulation

Kim 2007 Biochim Biophys Acta

|Sharma 2008 DNA Cell Biol

Huang 2009 Pathophysiology

Huica 2011 Romanian
Biotechnological Letters

Talens 2012 Int J Epidemiol
Friso 2012 J Med Genet

Zhuang 2012 Plos One

Zhao 2012 BMC Med Genet

Lakshmi 2013 Mol Cel Biochem
Jiang 2013 Plos One.

Jia 2013 Atherosclerosis.

Afzali 2013 Iranian Biomed Journal
Lo 2013 Atherosclerosis

(Connelly 2013 Hum Mol Genet

Fiorito 2014 Nutr Metab Cardiovasc
Dis

Gomez-Uriz 2014.J Physiol Biochem|
Zhang 2014 Int J Epidemiol

Xu 2014 Biomed Res Int

Niu 2014 3 Trans| Med

[Peng 2014 Plos One

(Guay 2014 Clin Epigenetics

Pleiffer 2015 Circ Cardiovasc Genet

Wei 2015 BioMed Res Int
Baccarelli 2015 Clin Epigenetics

Yang 2016 Scand J Clin Lab Invest
[Nguyen 2016 Plos One

[Perna 2016 Clin Epigenetics
Horvath 2016 Genome Biology
Zuo 2016 Arq Bras Cardiol

Murray 2016 Clin Epigenetics

Zhong 2016 Exp Ther Med

associated with CHD in males and with aging in controls.

studies using a candidate-gene methylation approach with allthe extracted information
: - - - ity
swio—]  Country | Study Design Reference population Samplesize Tissue Methylation strategy Gene(s) Outcome Conclusion s
Right atfum, aorta, inerral
’ tients und i 1 Y i i e wi
ooisis|  usa  |Caseconolandin| P 19 internal Saphenous vein, | Methylation sensitive enzyme analysis by csra with 1538
vito bypass grafting vein, 17 aorta, 31 right arium coronary atherectomy and aorta- uthern biot plaque atherosclerosis and aging of the vascular system.
derived SMCs and ECs
Non-atherosclerotic Ao (derived |  Methylation sensitive enzyme analysis by Hypermethyiation in ESRa promoter was associated with
. . 2 =
10727665 | USA nvitro Organ donors n=? s, e ey ol EsRa SMC phenotype jeriubgico 10581
N S fom 10 aorta: Vascular ssue: 23 aorta + | Fopermethatona Cin o 2 MTCS3 was asocieted
16116050 | USA oo Organ donors 12 coronaryaterywih difernt atherscercts Aorta and SMCs Bisulfe sequencing MeT3 S phenaype | e g oot v dmemaes 13135
SMCs.
Atherosclerotic coronary and carotid
Patents undergoing directional artrles, ascending aorta, nternal
coronary atherectomy and surgical mammary arery, saphenous vein ted with
17110088 | KoreawUsA? |  Case-control 1520 CHD patients and right atrium. Plaque and non- MSP and COBRA ESRB 14135
carolid endaterectomy, coronary artery : plaque anerosclerosis
e iee plague ascending aorta, common
carotid artery and femoral artery
rom a male and a female.
18613790 | India Case-control CHD patients and healthy controls 15 CHD cases + 15 controls Blood Bisulfte sequencing ApoE cHD No significant differences in methytation in ApoE: promoter 17135
nested in a cohort between patients and controls.
Patents with atheroma formaton
10285843 China Case-control approved by carolid colorized 54 CHD cases + 28 controls Blood Nested-MSP ESRa Atheromatosis | _Hypermethyiation in ESRa promoter was associated with 132
atherosclerosis and homocysteine increased serum levels
ulrasound examination and healthy
- Romania | Caseconrol | CVD patients and healthy controls 37 CHD cases + 25 controls Blood Msp TIMP-1, ESRa cvo TP and Bska e
CVD and aging
e Hypermethyiation of INS (and at 4 CpGs within) and GNASAS
Case-control 1L10, LEP, ABCAL, IGF2, INS (INSIGF), (and at 10 CpGs within) was associated with the incidence in
201168 | Nechetancs, | LSS0 European PROSPER trial 122 Mi cases + 126 controls Blood (Leukocytes) Mass spectrometry ENAGAS (VD) i e ramomenatwias | 26122
0
Hypomethyiation in 7 promoter corresponded to higher FViia
22315437 Haly Case-conrol | CHD patients from the Verona Heart 165 CHD cases + 88 controls. Blood (PBMCs) Bisulfte sequencing Plasma factor VI gene (F7) CcHD concentrations and was associated with CHD in wild-type 20132
nested in a cohort Project Cohort
ALAL qenotvpes but not in mutant pomorphism AZA2 (-323
Apoptosis-related genes (LOX-1, CASP3, BCL|
. 2,BAX, TIMP3, ANXAS, cIAP-3) and | CHD (neither Mi pIA(INKab) d with CHD
2a00%611|  China Case-control | CHD patents and healthy controls 95 CHD cases + 110 controls Blood MethyLightassay and bisufte pyroseauencing | e | | e mted oy oo onostion of tn. | 2925
(PL4ARF), PLSINKAD), p15(INKda))
in MAOA promoter was associated with
Cross-sectional, | Monozygoiic twin pairs from the Emory Garotid intima- | decreased carotd inima-media thickness at mean level and at
e I wins register Twin Studies in USA B4twin pairs Blood (Leukocytes) Bisulfte pyrosequencing MAOA mediticogss | 4T CpG when s vers sz s ndviduss, bt 204
match pair analvsis no association was observ
Hypomeiaton n B3 promees ind ormemision in
23160801 | India Case-control | CHD patients and healthy controls 94 CHD cases + 83 controls Blood COBRA and MSP BNIP3, EC-SOD, GSTPL cHD EC-S0D promter were associated with CHD. 1635
GSTP1 promoter
Hypermethylation in PLA2G7 promoter was associated with
23555769 | China Case-control | CHD paients and healhy controls 36 CHD cases + 36 controls Blood Bisulfte pyrosequencing PLA2GT cHD ‘CHD and aging in women independently of classical risk 22134
factors.
23566804 China Case-control | ACS patients with stenosis and healthy 188 CHD cases + 68 controls PEMCs and CD4+CD25+Tregs Bisulfe sequencing FoXP3 Tregs function | _ EIgenetic supression of FOXP3 might have led to down. 2033
contr regulation o Treg cells and, in trn, increased th risk of CHD.
23567849 ran Case-control CVD patients and healthy controls 50 CHD cases + 50 controls Blood (leukocytes) Nested-MSP NPCL M and coronary NPC1 promoter WINCHD|  p3ya3
insufiiency independentlyof other parameters.
(Case-control and in|  ACS patients before thrombolysis or . Blood (CD4+CD25+ Tregs) and Tregs function and FOXP3, whichis of Treg
28735638 | China viro coronary revascularization 89 CHD cases + 35 controls cultured CD4+CD25+ Tregs Bisulfte pyrosequencing Foxpa CHD cell, was associated with CHD, 13
Commercil Hypomethytation of COLISAL occurs during SMC proliferation
2301230 | oMM nvitro Cellcultre SMC from a 22-year-old individual Aorta-derived SMCs Bisulfe pyrosequencing colLisAl SMC phenotype | and the subsequent increased gene expression may mpact | 1520
P phenotype and atherosclerosis formation.
One Carbon Metabolism and homocysteine
pathwiay genes: AHCY, ALDHILL AMT, DMRs were identified with higher methytation in CHD cases
S AROE AT GHIT.CoL COS, T DI, pivhopistls g e
201830 | hay Mipatients from EPIC cohort 206 CHD cases + 206 matched controls Blood Infinium HM450 BeadChip (Iumina) . cHp males, PONL gene body!1st exon onlyin females, and CBS | 26137
nested in a cohort MATLA, MAT26, MTHEDL MIHEDLL, SUTR in both genders). Four methylation clusters associated
il R e gerdr) Fouw et
MTRR, NNMT, PONL, RFC1, SHMTL, were also identi
SHMT2, TON2, TYMS
se2|  span | Casocowl | Srokepans and esycsmols | 12500ke cass + 12 e sl - [ ——— ThE- and PN Swoke | Popomefaion .0 promoter vas assoced |y
24510982 | Germany Cohort ESTHER cohort 3,588 participants (151 CVD-deaths) Blood MALDI-TOF F2RL3 VD mortaiy | HYPomethyation of F2RL3 was associated with higher CVD 30135
rtaliy, s well as all-cause and other mortay.
Hypomethylation in GCK gene-bady was associated vith high
2u696842 | China Case-control | CHD patients and healthy controls 36 CHD cases + 36 matched controls Blood Bisulfe sequencing ock oHp tisk of CHD, while ts hypermethylation i associated with 1085
aging in healthy individuals.
Endothelial oD, d with
24934151|  China Case-control | CHD paients and healhy controls 25 CHD cases + 15 controls Blood (endothelial progentor cells) Bisulfe pyrosequencing DDAHZ progenitor cells |CHD, and with the dysfunction of endothelial progeror cells in|  21/34
function CHD patients.
Patents with at least one major
§ . Hypermethylaton in ABCG1 and GALNT2 promoters was
25084356 | China Caseconil | coronary artry vith mor an S0 85 CHD cases + 54 controls Blood Msp ABCGL, GALNT2, HMGCR cHD o g 2034
Men with CHD undergoing heart . ABCAL promoter with
25093045 | Canada |  Case-control oy 38 CHD cases + 50 controls Blood (leukocytes) Bisulfe pyrosequencing ABCAL cHD D acaily i e potony s e . 26152
Case-controlina Lipid-related CpGs identited in n the same cor »
26563993|  Germany | cross-sectional | Mipacients rom the KORA F4 cohort | 60 CHD prevalent cases + 1771 controls Blood Infinum 450 BeadChip (Ilumina) | study in CPTLA, ABCGL, SREBFL, MIR338 cHD o Looos 2135
survey and TNIPL
25705649 | Malaysia Case-control | 'Schemic stroke patienis and healthy | 57 i o ric syroke cases + 110 controls Blood Bisulfte pyrosequencing MTHER Ischemic stroke CpGA within MTHFR Wit s
controls ischemic stroke.
Hypermethytation of cytochrome c oidase genes MT-COL MT.
Commercia VD patens (samples purchased rom ATP synihesis related genes MT-CO1, MT- , MT-CO3 and (RNA letcine 1 gene MT-TLL was
25001189 | 0T He Case-control D rectmmto U ;5’;) - 10 CHD cases + 17 controls Blood (platelets) Bisulfite pyrosequencing CO2, MT-CO3, MT-ATP6, MT-ATP8, MT-NDS | cvo associated with CVD, while methylation in ATP synthase genes| 19133
. and mitochondrial (RNA gene MT-TLL MT.ATPG, MT-ATPE or NADH dehycrogenase MT-NDS was
§ . ) Hpametaionin -6 promotr (espeive of e wo
26986049 | China Case-control | CHD patients and healthy controls 582 CHD cases + 673 controls Blood (leukocytes) Bisulfe pyrosequencing L6 cHD e e 21136
. Hypomethytation at CpGS within ANGPTL2 promoter wias.
27101308 | Canada Case-control Post-ACS patients 28 CHD cmsag 2 young contels and 13 Blood (leukocytes) EpITYPER assay (Sequenom) ANGPTL2 Acs associated with the pro-infflammatory environment in post-ACS| 22136
patients.
27274774 | Germany | Case-cohort | Subsample of the ESTHER conort | 00 deahs + 1946 subeohort (266 deaths in Blood Infinium HM450 BeadChip (Iumina) Epigenetc aging* CVDdeath | EPIgenetic age acceleration was associated with igher CVD | 35
the subcohort) morality.
rstites|  usa conon Women from the Women's Health 62 Blood, saliva, lymphoblastoid cell i HMA50 BeadChip (lamina) Eoigencic aging' o Epigenetic aging rates were not associated with ncident CHD |
Intative study lines and brain outcomes
A M and unstable| | PYPOEIYation i 1L promoter was associated with
27504027 | China Case-control | CHD patients and healthy controls 212 CHD cases + 218 controls Blood (leukocytes) Bisulfe pyrosequencing L6 e increased risk of CHD, specially AM. Hypomethylation of 2735
9 CpG1 may have had a stronger association than CpG2.
Umbilical ord (methylason) Hypermethyiation at CpGS within ANRIL promoter was.
27627640| UK [ Cohort(subcohort) | Chidren in a mother-offsppring cohort 14 Bisulfe pyrosequencing atbirth ANRIL Arerial sifiess | associated with increased arterial tifness, that indicated 22136
Arterial sifness at 9 years old
reater cardiovascular rs
27882177 | China Case-control | CHD patients and non-CHD controls | 48 CHD cases + 48 gender-matched controls Blood Bisulfe pyrosequencing comt cHD Hypomethylation &t CpG3 within COMT promater was 10135

HD:
ueso-puonnomzauan Time. cn Fllgh( G- o sand. DVR: ifrentialy methyate region.(-Epigenetic aging nstead of a candidate-gone.

-ase. MI: myocardial infarction. AMI: acute myocardial infarction. ACS: acute coronary syndrome. SMCs: smooth muscle cells. ECs: endothelial cells. PBMCs: peripheral blood mononuclear cels. Tregs: regulatory T cells. HTN: hypertension. MSP: methylation-specific PCR. COBRA: combined bisulfite restriction analysis. MALDI-TOF: Matrix-Assisted Laser




[Table 2c. Summary of the selected studies using a epigenome-wide approach with all the extracted
Validation (sampie Quality
T iy e S| Country | Study Design Reference population Sample size Tissue Methylation strategy o Outcome Conclusion Observations
r Hypomethylation at 47 CGIs (142 CGls in the discovery phase)
Castilo-Diaz 2010 Int J Mol Med | 20878091 | Mexico Case-conrol | Un9O0MY fevascularzation surgery 45 CHD cases + 16 controls B ey | csory onc ISP fo v o) | 10 G s 40 | e and hypermethyation at 10 CGls (17 CGls in the discovery | No list with al dentified | 13736
ind non-CHD p: dergoing i pathy phase) were associated with atherosclerosis.
~50-year-old men with and without CHD| Mictoarray HCGIL2K (UHN Microarray Centre) | yo oo oo Hypermethyfation at 12 DMRS (72 DMR in the discovery
Sharma 2014 Gene 24582073|  India Case-control from an Indian study of ~900 18 CHD cases + 18 controls Blood for discovery and bisulfte 454 sequencing for ety cHD phase) and at 6 CpGs in 3 of the validated DMRs was 2035
individuals don associated with CHD.
3 3 Hypomethylation at 15 CpGs in 14 genes and
Yamada 2014 1 J Mol Med 24626634 Japan Case-control Deceased Japanese patients 24 donor-matched 5“‘"“::;:' Aorta (donor-maiched Infinium HM450 BeadChip (lumina) B A‘"""Eﬂ‘:’m hypermethyiation at 30 CpGs in 22 genes were associated with) 22135
plaa atherosclerosis.
Post-mortem human aortas from Spain } Aorta (donor-matched Bisulfite i and Infinium HMAS0 1 o o0 matched 16 out of 1858 discovered dm-CpGs were validated and
|zaina 2014 Circ Cardiovasc Genet |25091541| ~ SPan & Case-control and carotid plaque samples from | -2 donormatched samples of atherosclerotic! | oo ieroric/ non-atheroscleroticy | 8624ChiP (lumina) for discovery and pairs (1 from mapped to specific, 2137
Sweden normal Aorta + 19 atherosclerotic carotid pyrosequencing and bisulfte sequencing for plaque . P
Sweden and atherosclerotic carotid i discovery) genes.
80 dm-CpGs were discovered to be associated with stroke,
. 0 g
Gomez-Uriz 2015 Hum Mol Genet | 25429063|  Spain Case-control | 'Schemic stroke patients and healthy | 15 i o stroke cases + 12 controls Blood (leukocytes) Infinium HM27 BeadChip (lumina) for | 60 ischemic Sroke | oy o ic giroke and hypermethylation in the promoter of PM20D1 was | Nolist vith allidentified | 26/38
controls discovery cases + 55 controls e o
Aheroscleroic ight coronary atey, Hypomethylated CpGs in atherosclerotic samples were located
Russian men undergoing surgery for ‘| infinium HM27 BeadChip (lumina) for | 21 donor-matched |  Atherosclerotic | within genes involved in inflammation, immune processes and
Nazarenko 2015 Plos One 25856389|  Russia Case-control Severs coronaly onery Sancets & donormatched samples ofthe 3 tissues | intemal mammary arteres and great |, oot TN SEUCHE RAVR L orrmies g ceiniopment, such as HOXDA, vt whoss prmeter 4 CHGS 25/36
saphenous veins  (donor-matched)
are hypomethylated.
. Swedish cohorts, NSPHS for discovery Cardiovacular | 16 CpGs at 11 genes out of 31 discovered and 66 CpGs
X 2015 Hum Mol Genet 26681806 | Sweden & UK | Cross-sectional A 717 (47 incident CHD cases) Blood (leukocytes) Infinium HM450 BeadChip (lumina) 963 ot GOE15 | lomtred by ey vere aaambd it L 33138
Case-conrol nested| M1 €a5€S and healthy controls rom Infinium HM4S0 BeadChip (lumina) for | 10 o Hypomethylation at a DMR vithin ZBTB12 gene body and in
Guarrera 2015 Ciin Epigenetics | 26705428|  ltaly Htalian EPICOR for discovery and Dutch| 292 CHD cases + 247 matched controls Blood (leukocytes) discovery and MALDI-TOF mass spectometry M LINE-1 was associated vith CHD, being more pronounced in aus7
in a cohort 262 controls
EPIC for validation methytation assay for validation cases with shorter fime to disease,
wo monozygous twin sister pairs
Oudejans 2016 Plos One 26870946| | e | Casecontol | discordant for hypertensive pregnancy 2 matched pairs Blood Bisulfte sequencing _ VD risk 12 DMRs were identified n the twin sisters at risk of CVD. 23136
isorders
guyen 2016 Plos One s1101208|  canada Caseconyol | POSUACS Canadian patients, and | 5 CHD cases + 4 young controls + 7 aged s00d s K450 BeadChip (luming) - acs No statistical difierence in methylation between controls and | o et i alldentiied | 22/36
young and aged healthy controls ontrols patients.
HTN, M1, stroke,
M SUOKE: | 211 dm-CpGs in 196 genes were associated with MI, of which
Rask-Andersen 2016 Hum Mol 27634651|  Sweden |Caseconuolnested) o ok NSPHS cross-sectional cohort| 249 CVD cases (147 HTN + 48 Mi + 27 Stroke Blood Infinium HM450 BeadChip (lumina) _ diab 2 had been related to cardiac function and development, CVD| 26134
Genet in asurvey +22 Thrombosis + 5 Arthythmia) + 729 cohort thrombosis,
prinrians and recovery after ischemic episode.




Table 3. List of genes analyzed in the candidate-gene approach classified according to the number of studies assessing them and their methylation status.

Gene Reference
Genes studied in several articles (n=8)
Hypermethylated
Peng 2014 PLoS One
ABCGL Pfeiffer 2015 Circ Cardiovasc Genet
Post 1999 Cardiovasc Res
ESRa Ying 2000 Cardiovasc Res 2000 Cardiovasc Res
Huang 2009 Pathophysiology
Huica 2011 Romanian Biotechnological Letters
FOXP3 Jia 2013 Atherosclero§is
Lii 2013 Atherosclerosis
Hypomethylated
L6 Yang 2016 Scand J Clin Lab Invest
Zuo 2016 Arq Bras Cardiol
Non-differential methylation status
APOE Sharma 2008 DNA Cell Biol ) )
Fiorito 2014 Nutr Metab Cardiovasc Dis
Inconsistent methylation status
ABCAL Guay 2014 Clin Epiggneti;s
Talens 2012 Int J Epidemiol
MTHER V\‘Iei‘2015 BioMed Res Int ) )
Fiorito 2014 Nutr Metab Cardiovasc Dis
PONL G6mez-Uriz 2014 J Physiol Biochem
Fiorito 2014 Nutr Metab Cardiovasc Dis
Genes studied in one article (n=75)
Hypermethylated
AMT Fiorito 2014 Nutr Metab Cardiovasc Dis
ANRIL Murray 2016 Clin Epigenetics
CBS Fiorito 2014 Nutr Metab Cardiovasc Dis
DDAH2 Niu 2014 J Trans| Med
EC-SOD Lakshmi 2013 Mol Cell Biochem
ESRB Kim 2007 Biochim Biophys Acta
GALNT2 Peng 2014 PLoS One
GNASAS Talens 2012 Int J Epidemiol
INS Talens 2012 Int J Epidemiol
MCT3 Zhu 2005 Circulation
MT-CO1 Baccarelli 2015 Clin Epigenetics
MT-CO2 Baccarelli 2015 Clin Epigenetics
MT-CO3 Baccarelli 2015 Clin Epigenetics
MT-TL1 Baccarelli 2015 Clin Epigenetics
NPC1 Afzali 2013 Iranian Biomed Journal
p15INK4b Zhuang 2012 PLoS One
PLA2G7 Jia 2013 Atherosclerosisng
TCN2 Fiorito 2014 Nutr Metab Cardiovasc Dis
TIMPL Huica 2011 Romanian Biotechnological Letters
Hypomethylated
ANGPTL2 Nguyen 2016 PLoS One
BNIP3 Lakshmi 2013 Mol Cell Biochem
COL15A1 Connelly 2013 Hum Mol Genet
COMT Zhong 2016 Exp Ther Med
F7 Friso 2012 J Med Genet
F2RL3 Zhang 2014 Int J Epidemiol
GCK Xu 2014 Biomed Res Int
TNF-a G6mez-Uriz 2014 J Physiol Biochem
Non-differential methylation status
AHCY Fiorito 2014 Nutr Metab Cardiovasc Dis
ALDH1L1 Fiorito 2014 Nutr Metab Cardiovasc Dis
ANXA5 Zhuang 2012 PLoS One
ATIC Fiorito 2014 Nutr Metab Cardiovasc Dis
BAX Zhuang 2012 PLoS One
BCL-2 Zhuang 2012 PLoS One
BHMT Fiorito 2014 Nutr Metab Cardiovasc Dis
CASP3 Zhuang 2012 PLoS One
CBL Fiorito 2014 Nutr Metab Cardiovasc Dis
clAP3 Zhuang 2012 PLoS One
CPT1A Pfeiffer 2015 Circ Cardiovasc Genet
CTH Fiorito 2014 Nutr Metab Cardiovasc Dis
DHFR Fiorito 2014 Nutr Metab Cardiovasc Dis
DNMT1 Fiorito 2014 Nutr Metab Cardiovasc Dis
FOLH1 Fiorito 2014 Nutr Metab Cardiovasc Dis
FOLR2 Fiorito 2014 Nutr Metab Cardiovasc Dis
FTCD Fiorito 2014 Nutr Metab Cardiovasc Dis
GART Fiorito 2014 Nutr Metab Cardiovasc Dis
GSTP1 Lakshmi 2013 Mol Cell Biochem
HMGCR Peng 2014 PLoS One
IGF2 Talens 2012 Int J Epidemiol
IL-10 Talens 2012 Int J Epidemiol
LEP Talens 2012 Int J Epidemiol
LOX-1 Zhuang 2012 PLoS One
MAOA Zhao 2012 BMC Med Genet
MAT1A Fiorito 2014 Nutr Metab Cardiovasc Dis
MAT2B Fiorito 2014 Nutr Metab Cardiovasc Dis
MIR33B Pfeiffer 2015 Circ Cardiovasc Genet
MT-ATP6 Baccarelli 2015 Clin Epigenetics
MT-ATP8 Baccarelli 2015 Clin Epigenetics
MTHFD1 Fiorito 2014 Nutr Metab Cardiovasc Dis
MTHFD1L Fiorito 2014 Nutr Metab Cardiovasc Dis
MTHFD2 Fiorito 2014 Nutr Metab Cardiovasc Dis
MTHFD2L Fiorito 2014 Nutr Metab Cardiovasc Dis
MTHFS Fiorito 2014 Nutr Metab Cardiovasc Dis
MT-ND5 Baccarelli 2015 Clin Epigenetics
MTR Fiorito 2014 Nutr Metab Cardiovasc Dis
MTRR Fiorito 2014 Nutr Metab Cardiovasc Dis
NNMT Fiorito 2014 Nutr Metab Cardiovasc Dis
Pp14ARF Zhuang 2012 PLoS One
p15INK4a Zhuang 2012 PLoS One
RFC1 Fiorito 2014 Nutr Metab Cardiovasc Dis
SHMT1 Fiorito 2014 Nutr Metab Cardiovasc Dis
SHMT2 Fiorito 2014 Nutr Metab Cardiovasc Dis
SREBF1 Pfeiffer 2015 Circ Cardiovasc Genet
TIMP3 Zhuang 2012 PLoS One
TNIP-1 Pfeiffer 2015 Circ Cardiovasc Genet
TYMS Fiorito 2014 Nutr Metab Cardiovasc Dis




Table 4. List of

Chromosome

ported CpGs and CGl
G /Gl
UFNhSCpgO006769
cgra171824

cg02993722
go1535838.
cg24634746.
cq20625138

g0803771

09278187

UHNhscpgo007334

©g10324998

g2¢262376

©g10795646

cg04506114

©g17502780
coteaTaTe2

ideniified as differentially methy:
NCBI CpG / CGl position bp

ed in the reviewed epigenome.
‘Gene symbol

MethyTation site Gbservations
1230036 1231201 CENTES _ Castlo-Diaz 2014 13 Mol Med Validated
2006656 PRKCZ Body, SUTR ina 2014 Circ Cardiovasc Genet Discovery
2106.400 PRKCZ Body Zaina 2014 Circ Cardiovase Genet Discove
2845268 _ _ Zai irc Cardi Discovery.
2997360 PROMIE Body Zaina 2014 Circ Cardiovasc Genet Discovery.
2997 409 PROMIS Body Zaina 2014 Circ Cardiovase Genet Discovery
3062633 PROMIG Body Zaina 2014 Circ Cardiovasc Genet Discovery.
3068:360 PROMIG Body Zaina 2014 Circ Cardiovase Genet Discovery.
3129633 PROMIG Body Zaina 2014 Circ Cardiovase Genet Discovery.
3135712 PROMIE Body Zaina 2014 Circ Cardiovasc Genet Discovery.
3155161 PROMIE Body Zaina 2014 Circ Cardiovasc Genet Discovery.
3161448 PROMIG Body Zaina 2014 Circ Cardiovase Genet Discovery
6.445.632 oT7 Body, 15t Exon Zaina 2014 Circ Cardiovase Genet Discovery.
6526051 TNFRSF25 Body Zaina 2014 Circ Cardiovasc Gen Discovery.
6579915 PLEKHGS. N Nazarenko 2014 PLoS One Discovery.
6.698.457 oNAICTL Body Zaina 2014 Circ Cardiovase Genet Discovery
7102397 CAMTAL Body Zaina 2014 Circ Cardiovasc Genet Discovery.
7538723 cAMTAL Body Yamaga 2014 | Mol Met Discovery.
7913667 uts2 N Nazarenko 2014 PLo Discovery.
8173451 _ - Zaina 2014 Circ Cardiovase Genet Discovery
8556722 RERE Body Zaina 2014 Circ Cardiovase Genet Discovery.
8611966 RERE Body Zaina 2014 i Cardi Discovery.
8.908.794 _ _ Zaina 2014 Cire Cardiovasc Genet Discovery.
9211836 MIRS4A 185200 Yamada 2014 | 3 Mol Med Discovery
9527173 - N Zaina 2014 Circ Cardiovase Genet Discovery.
9527208 - - Zaina 2014 Circ Cardiovasc Genet iscover
9779300 PIKICD N Hum Mol Genet Only discovery phase
9896309 N - Zaina 2014 Circ Cardiovase Genet Discove

10510396 CORT, APITDL Body Zaina 2014 Circ Cardiovase Genet Discovery.
10510465 CORT _ Nazarenko 201 Discovery.
10700647 caszi Body Zaina 2014 Circ Cardiovase Genet Discovery.
10712067 caszi Body Zaina 2014 Circ Cardiovase Genet Discovery
10735 169 casz1 Body Zaina 2014 Circ Cardiovase Genet Discovery.
1211274 MTOR Body Zaina 2014 Circ Cardiovasc Genet Discover
12114402 _ N Zaina 2014 Circ Cardiovase Genet Discovery.
12703 968 AADACLY Tss1500 Zaina 2014 Circ Cardiovase Genet Discovery
12704.007 AADACLS 551500 Zaina 2014 Circ Cardiovase Genet Discovery.
15251268 KAZN _ ask Andersen 2016 ] Discover
15.354.730 KiAAL026 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
15672633 FHADL Body Zaina 2014 Circ Cardiovase Genet Discovery.
15802611 ELaze _ arenko 2014 PLo Discovery.
16.482.429 EPHAZ - RaskAndersen 2016 Hum Mol Genet Discovery.
17.308.032 MFAP2 N iazarerko 2014 PLoS One Discovery.
17577.455 PADIS Body Zaina 2014 Circ Cardiovasc Genet Discovery.
17865653 ARHGEF10L Tss: Zaina 2014 Cire Cardiovasc Genet Discovery.
18.205.396 - ~ Zaina 2014 Cire Cardiovasc Genet Discovery.
10,384 827 - N Zaina 2014 Cire Cardiovasc Genet Discovery.
19.490, R4 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
19635 271 -19.635.541 chpze. _ Casiilo-Diaz 201413 Mol Med Validated
19740 capze. Body Zaina 2014 Circ Cardiovasc Genet Discovery.
19741833 chpze. Body Zaina 2014 Circ Cardiovasc Genet Discovery.
19746564 chpze. Body Zaina 2014 Circ Cardiovasc Genet Discovery.
19,946,398 Clortis1 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
22224163 SPG: Body Zaina 2014 Circ Cardiovasc Genet Discovery.
2782452 87840 SUTR Zaina 2014 Cire Cardiovasc Genet Discovery.
22838414 87840 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
23105600 EPHB2 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
23115536 EPHB2 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
23135043 EPHB2 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
23153308 EPHB2 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
23720592 TCEAS N c 2016 Hum Mol Genet ftevanalysis:
24240069 cNR2 N o 2014 PLoS One Discovery.
20545 GRHL3. - RaskAndersen 2016 Hum Mol Genet Discovery.
25,055 302 -25.055.491 Upstream: CLIC4, downstream: RUNX3 - Casiilo-Diaz 201413 Mol Med Validated
25152 clica Body ina 2014 Circ Cardiovasec Genet Discovery.
263725894 stcsone _ Rask-Andersen 2016 Hum Mol Discovery,
26,699,605 ZNFs83 - Nazarenko 2014 PLoS One. Discovery.
27.240669 NROB2 Tss200 Zaina 2014 Cire Cardiovasc Genet Discovery.
27240504 RoB2 Tss200 Zaina 2014 Cire Cardiovasc Genet Discovery.
27471782 stcoat Body Zaina 2014 Circ Cardiovasc Genet Discovery.
28021512 _ _ Zaina 2014 Cire Cardiovasc Genet Discovery,
20584023 PTPRU Body Zaina 2014 Circ Cardiovasc Genet Discovery.
33503457 _ _ Zaina 2014 Cire Cardiovasc Genet Discovery,
39853529 MACFL Body Zaina 2014 Circ Cardiovasc Genet Discovery,
40167317 _ N Zaina 2014 Cire Cardiovasc Genet Discovery.
41130641 RINS3 - Nazarenko 2014 PLaS One Discovery.
41345795 _ N Zaina 2014 Cire Cardiovasc Genet Discovery.
41449199 cTps Body Zaina 2014 Circ Cardiovasc Genet Discovery.
1051512 EoNz _ c 2016 Hum Mol Genet ftevanalysis:
1962 _ - Zaina 2014 Circ Cardiovasc Genet Discovery.
41.981.789 -41962.416 HIVEPS - 16 Discovery.
42644032 FoxIs 30TR Zaina 2014 Cire Cardiovasc Genet Discovery.
42.706.997 Foxa3 _ c 2016 Hum Mol Gene ta-an
43400193 sLcaa Body Yamada 2014 |3 Mol Med Discovery.
44300942 STIGALS Body Zaina 2014 Circ Cardiovasc Genet Discovery.
44.461890 cccaa 3UTR Zaina 2014 Cire Cardiovasc Genet Discovery.
44570588 RNF220 TS1500 Zaina 2014 Cire Cardiovasc Genet Discovery.
46640255 TSPANL Ts51500 Zaina 2014 Cire Cardiovasc Genet Discovery.
47910882 Foxpz ~ RasikAndersen 2016 Ger Discovery.
47911508 _ N Zaina 2014 Circ Cardiovasc Genet Discovery.
47.085.223 - N Zaina 2014 Cire Cardiovasc Genet Discovery.
47,086,245 - - Zaina 2014 Cire Cardiovasc Genet Discovery.
480385677 N N Zaina 2014 Cire Cardiovasc Genet Discovery.
49244849 AGBLA Body Zaina 2014 Circ Cardiovasc Genet Discovery.
505135 ELAVLA N askAndersen 2016 Hum Mol Genet ove
50,665 901 -50.666.652 Upstream: AJ301580, downstrean: FAFL - Casiilo-Diaz 2014 13 Mol M Validated
50,868 5: DMRTAZ N RaskAndersen 2016 Hum Mol Genet Discovery.
51867613 Epsis 15t Ex0n. Body Zaina 2014 Circ Cardiovasc Genet Discovery.
51.5868.289 Epsis TS51500, Body Zaina 2014 Circ Cardiovasc Genet Discovery.
S1888 EPSis TS51500, Body Zaina 2014 Circ Cardiovasc Genet Discovery.
53516726 -53519.105 Upstream: SCP2, downsiream PODN _ a 201 Discovery.
s3631 _ N Zaina 2014 Cire Cardiovasc Genet Discovery.
53028411 DMRTBL Body Zaina 2014 Circ Cardiovasc Genet Discovery.
54.135.470 GUSL SUTR Zaina 2014 Circ Cardiovasc Genet Discovery.
619.445 cocpz a 14 PLo Discovery.
56,025,098 _ - Zaina 2014 Cire Cardiovasc Genet Discovery.
56000378 N - Zaina 2014 Cire Cardiovasc Genet Discovery.
566405643 - - Zaina 2014 Circ Cardiovasc Genet Discover
56901603 - N Zaina 2014 Circ Cardiovasc Genet Related o SNP
57.020.013 PPAPZE Body Zaina 2014 Circ Cardiovasc Genet Related o SNP
61362869 _ _ Zaina 2014 Circ Cardiovasc Genet iscov
63062724 ANGPTLS - Nazarenko 2014 PLoS One Discovery.
63190136 ~ - Zaina 2014 Cire Cardiovasc Genet Discovery.
64212080 - N Yamada 2014 13 Mol Discovery.
64,504,189 RORL Body Zaina 2014 Circ Cardiovasc Genet Discovery.
66456 116 PDEAB Body, TSS1500 Zaina 2014 Circ Cardiovasc Genet Discovery.
66.458 361 PDEAB 755200, Body Zaina 2014 Circ Cardiovasc Genet Discovery.
66,456,803 PDEAB Body, 15t Exon Zaina 2014 Circ Cardiovasc Genet Discovery.
66,615,958 PDEAB Bo Zaina 2014 Circ Cardiovasc Genet Discovery.
67217673 TCTEXIDL _ 14 PLo Discovery.
67515873 sLcssp1 Body Zaina 2014 Circ Cardiovasc Genet Discovery.
66.200.155 GNG12 SUTR Zaina 2014 Circ Cardiovasc Genet Discovery.
66,695 183 GPRI7T Body Zaina 2014 Circ Cardiovasc Genet Discovery.
8841715 _ - Zaina 2014 Circ Cardiovasc Genet Discovery.
77.333 107 STEGALNACS - RaskAndersen 2016 Genet Discovery.
80192949 N - Zaina 2014 Circ Cardiovasc Genet Discovery.
54.755 201 N N Zaina 2014 Circ Cardiovasc Genet Discovery.
85313514 LPARS Body Zaina 2014 Circ Cardiovasc Genet Discovery.
85725892 Clorts2 _ 14 PLo Discovery.
87.597.369 Locasesze Body, TS51500 Zaina 2014 Circ Cardiovasc Genet Discovery.
86,026,790 _ N Zaina 2014 Circ Cardiovasc Genet Discovery.
89,1986 PKNZ Body Zaina 2014 Circ Cardiovasc Genet Discovery.
92,106,920 -92.107.097 GRPOC or HSPOOBP. - ‘Sharma 2014 Gen Discovery.
92107 Upsiream: CDCT, downstream: TGFBRS - ma 2014 Gene Valdat
02,338 262 BR3 sUTR Zaina 2014 Circ Cardiovasc Genet Discovery.
94,115,054 BCARS. Body Zaina 2014 Circ Cardiovasc Genet Discovery.
04587.672 ABCA - Nazarenko 2014 PLoS One Discovery.
95,006,729 3 - Nazarenko 2014 PLoS One Discovery.
97.434.409 _ - Zaina 2014 Cire Cardiovasc Genet Discovery
99126912 ST - I Andersen 2016 Hum Mol Genet Discovery.

100547.766 HIATL 3UTR Zaina 2014 Circ Cardiovasc Genet Discovery

109264283 FNDCT a Nazarenko 2014 P Discovery

109,265,387 FNDCT - ko 2014 iscover

109735314 KiAAL324 Body Zaina 2014 Circ Cardiovase Genet Related o SNP

109757585 SARS N 016 Hum Mol Genet ete-analysis

111416181 cos3 - Nazarenko 2014 PLoS One Discovery.

111770201 cHisLz - Nazarenko 2014 PLoS One Discovery.

111070531 ovGPL - Nazarenko 2014 PLoS One Discovery

112046700 ADORA3 N 2014 P Discovery

113086151 w28 Body Zaina 2014 Circ Cardiovasc Genet Discovery

113067124 STIL 3UTR Zaina 2014 Circ Cardiovasc Genet Discovery

114521301 oLFMLE 51500 Zaina 2014 Circ Cardiovasc Genet Discovery

114522670 oLFMLE _ (02014 PL Discovery

115236 457 AMPDL Tss1500 Zaina 2014 Circ Cardiovasc Genet Discovery

115.238.494 AMPDL 51500 Zaina 2014 Circ Cardiovasc Genet Discovery

115238559 AMPDL 51500 Zaina 2014 Circ Cardiovasc Genet Discovery

115826414 _ ~ Zaina 2014 Circ Cardiovasc Genet over

116369577 Downstream of NHLHZ - 2016 Hum Mol Gene Valdated + meta-analysis

116654415 Clorfisl N arerko 2014 PLOS O iscover

117.079.567 cosa Body Zaina 2014 Circ Cardiovasc Genet Discovery

117527562 PTGFRN Body Zaina 2014 Circ Cardiovasc Genet Discovery

117753965 VieNL - o 2014 Discovery

120100377 2NFs97 - RasikAndersen 2016 Hum Mol Genet Discovery

120100567 2NFs07 - RaskAndersen 2016 Hum Mol Gen Discovery

149,890,655 svan Tssis00 Zaina 2014 Circ Cardiovasc Genet Discovery

150780684 cTsK ~ Nazarenko 2014 PLoS One Discovery

150781434 TSK - 2014 P Discovery

151137274 SCNML LYSMDL TS51500, Body Zaina 2014 Circ Cardiovasc Genet Discovery

151226.666 -151.227.238 Shi - jans 2016 PL Discovery

151975 566 S100A10 - Nazarenko 2014 PLoS One Discovery

152505322 =3 - Nazarenko 2014 PLoS One Discovery

153013830 SPRR2D - Nazarenko 2014 PLoS One Discovery

153.363.489 10008 - Nazarenko 2014 PLoS One Discovery

153363560 S100a8 - Nazarenko 2014 PLoS One Discovery

153653559 NPRL Body Zaina 2014 Circ Cardiovasc Genet Discovery

154540270 CHRNB2 - askAndersen 2016 Hum Mol Genet Discovery

156,030,844 25 - arerko 2014 PLoS One. Discovery

156107559 LMNA Body, 3UTR Zaina 2014 Circ Cardiovasc Genet Discovery

156217178 PAQRS SUTR Zaina 2014 Circ Cardiovasc Genet Discovery

156,786,601 sHzD2A - 2014 Discovery

156,786,643 sHzD2A - Nazarenko 2014 PLoS One Discovery

158.799.935 MNDA - Nazarenko 2014 PLoS One Discovery

158,976,957 IFI16 - arerko 2014 PLoS Discover

150,046,973 Az - Nazarenko 2014 PLoS One, Ek 2016 Hum Mol Genet Nazarenko: discovery. £k Meta-analysis

159174155 DARC - Nazarenko 2014 PLoS iscovery

160247151 PEX19 SUTR Zaina 2014 Circ Cardiovasc Genet Discovery

160616870 SLAMFL _ Nazarenko 2014 PLoS One Discovery

160765225 Lvs Tss1500 Zaina 2014 Circ Cardiovasc Genet Discovery

160765349 Lys 51500 Zaina 2014 Circ Cardiovasc Genet Discovery

160832 662 0244 15t Exon, SUTR Zaina 2014 Circ Cardiovasc Genet Discovery

161089102 PFONZ, NITL TSS1500, Body Zaina 2014 Circ Cardiovasc Genet Discovery

161956573 FML2B Body Zaina 2014 Circ Cardiovasc Genet Discovery

162759914 HSD1787 Tss1500 Zaina 2014 Circ Cardiovasc Genet Discovery

163132916 RGSS Body Zaina 2014 Circ Cardiovasc Genet Discovery

164,693 462 PeX1 Body Zaina 2014 Circ Cardiovasc Genet Discovery

167.189.320 -167.189.412 Upstream: DUSP27, downstream: POUZF1 _ harma 2014 Gene Discovery

167.680554 n - Zaina 2014 Circ Cardiovasc Genet Discovery

167766195 N - Zaina 2014 Circ Cardiovasc Genet Discovery

167,849,931 ADGYI0 Body Zaina 2014 Circ Cardiovasc Genet Discovery

166,698,479 oPT Tss200 Zaina 2014 Circ Cardiovasc Genet Discovery

170115042 METTLLB Tss200 Zaina 2014 Circ Cardiovasc Genet Discovery

170115351 METTLLB 18t Exon Zaina 2014 Circ Cardiovasc Genet Discovery

170634859 PRRXL Body Zaina 2014 Circ Cardiovasc Genet Discovery

17056349 PRRXL Body Zaina 2014 Circ Cardiovasc Genet Discovery

170635960 PRRXL bodyintron Zaina 2014 Circ Cardiovasc Genet Oniy validated by pyrosequencing

171179875 Moz U Zaina 2014 Circ Cardiovasc Genet iscovery

171723758 _ _ Zaina 2014 Circ Cardiovasc Genet Discovery

172351357 s Body Zaina 2014 Circ Cardiovasc Genet Discovery

172628020 FASLG _ erko 2014 Discovery

173572181 sLcoall 15t Exon, SUTR Zaina 2014 Circ Cardiovasc Genet Discovery

178,840 157 ANGPTLL _ arerko 2014 PLOS One Discovery

179322762 SOATL Body Zaina 2014 Circ Cardiovase Genet Discovery

160922916 -180.923.692 AKOS665T _ 16 Discovery

162176185 _ - Zaina 2014 Circ Cardiovasc Genet Discovery

162,458,262 RGSLL - Nazarenko 2014 PLoS One. Discovery
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Discovery.
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Upstream: HOXDS, downstream: HOXDA
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Body

Body
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SUTR
5UTR
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Body

Body

Body
SUTR

Body
Body

Body

Body

Body
5UTR, Body
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TSS1500

5UTR, Body
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Zaina 2014 Cire Cardiovase Genet

Zaina 2014 Cire Cardiovase Genet, Nazarenko 2014 PLoS One
Zaina 2014 Circ Cardiovasc Genet

EK2016 Hum Mol Genet
Zaina 2014 Cire Cardiovase Genet, Nazarenko 2014 PLoS One
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Upstream: DQ5O6041, downstrean: LOC100133050

Upstream: EPBA1L4A, downstream: APC
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Body
15t Exon
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5UTR
Body
Body

1stExon, SUTR

3UTR
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SUTR, Body

Nazarenko 2014 PLoS One

Nazarenko 2014 PLoS One
Zaina 2014 Cire Cardiovase Genet, Nazarenko 2014 PLoS One

Rasic/ ol Genet
Zaina 2014 Circ Cardiovasc Genet
RaskAndersen 2016 Hum Mol Genet

Casillo-Diaz 2014 1 Mol Med
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FOXC1
MYLKa
RREBL
MUTED
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PHACTRL
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sLci7ae

DARMZ
TsPo2
APOBEC2
APOBEC2

KIAAG240.
RSPHY.

NFKBIE
RUNX2
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BENDS
BENDS.
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Upstream of FBXL4
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Body
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Zaina 2014 Cire Cardiovase Genet

Zaina 2014 Cire Cardiovase Genet
Zaina 2014 Cire Cardiovasc Genet, Nazarenko 2014 PLoS One
Zaina 2014 Circ Cardiovasc Genet

Zaina 2014 Circ Cardiovase Genet
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EPICOR
EPICOR & EPIC-NL.
EPICNL
EPICOR & EPIC-NL.
EPICOR & EPIC-NL.
EPICOR
EPICNL
EPICOR & EPIC-NL.
EPICNL
EPICNL

EPICOR & EPIC-NL.
EPICOR & EPIC-NL.

EPICOR

EPICOR & EPIC-NL.
EPICOR & EPIC-NL.

EPICOR
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Upstream: SLC45A4, downstream: GPR20
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20 cq24626310 25276739 ABHDL2 Body Zaina 2014 Circ Cardiovase Genet Discovery.
20 cgirea13t2 25381464 _ _ Zaina 2014 Cire Cardiovasc Genet Discovery.
20 cg01047613 31446 682 EFchBS Tss200 Zaina 2014 Cire Cardiovase Genet Discovery.
20 cg10499901 31643061 N sk-Andersen 2016 Hum Mol Genet Discovery.
20 cg11854007 31781607 RP11.49G108 N Nazarenko 2014 PLoS One. Discovery.
20 g2 32084667 _ N Zaina 2014 Cire Cardiovase Genet Discovery.
20 cgo0s09772 32273120 E2F1 N Hum b ta-analysis
20 cqoasa7924 34,025,927 GOFs - Nazarenko 2014 PLoS One Discovery.
20 cg19909713 36,033,306 SRC TR Zaina 2014 Circ Cardiovase Genet Discovery.
20 cg11806178 39310920 ~ - Zaina 2014 Cire Cardiovase Genet Discovery.
20 171 429845 HNF4A N Nazarenko 2014 PLoS One Discovery.
20 UHNhscpgo006923 | 43280375 -43.280.757 ADA N harma 2014 Ge Discovery.
20 o 4as8a stpl N Nazarenko 2014 PLoS One Discovery.
20 cq22849543 46.907.755 Locasaras Body Zaina 2014 Circ Cardiovasc Genet Discovery.
20 cg14468260 47862976 ZNFXL 3UTR Zaina 2014 Cire Cardiovase Genet Discovery.
20 q16632346. 48530472 SPATAZ 5UTR, TSS200 Zaina 2014 Cire Cardiovase Genet Discovery.
20 cq19221489 48530654 spATAZ TSS1500, 5UTR Zaina 2014 Circ Cardiovasc Genet Discovery.
20 910140309 49548661 ADN TSS1500 Zaina 2014 Circ Cardiovase Genet Discovery.
20 cg14160518 50418052 AL 15t Bxon, SUTR Zaina 2014 Circ Cardiovasc Genet Discovery.
20 q23676369 54.987.020 casst TSS1500 Zaina 2014 Cire Cardiovasc Genet Discovery.
20 cg12670073 56.267.532 PMEPAL Tss1500 Zaina 2014 Circ Cardiovase Genet Discovery.
20 0g03401: 57.087. APCODIL Body Zaina 2014 Circ Cardiovasc Genet Discovery.
20 UHNhscpgo024537 | 59,552 448 -50.553.578 CoHa N Casiilo-Diaz 20141 Mol Med Validated
20 57 61040, GATAS Body Zaina 2014 Circ Cardiovasc Genet Discovery.
20 cq08015883 61.040.884 GATAS Body Zaina 2014 Circ Cardiovasc Genet Discovery.
20 g03689129 61.053.355 _ - Zaina 2014 Cire Cardiovase Genet Discovery.
20 cg18856925. 62555.221 DNAICS sUTR Zaina 2014 Cire Cardiovase Genet Discovery.
20 cg00476577 _ pvy ~ Nazarenko 2014 Discovery.
2 cq27478961 27.0445686 cyvRL Body Zaina 2014 Circ Cardiovasc Genet Discovery.
2 cq2rasTsTL 34.308.225 ouG - Rask-Andersen 2016 Hum Mol Genet Discovery.
2 g04915566. 621472 N N ko 2014 PLoS Discovery.
2 cqezan1721 37.761.363 CHAFIE Body Zaina 2014 Circ Cardiovase Genet Discovery.
2 cg13538551 39493 881 DSCRE. Body, TSS1500 Zaina 2014 Circ Cardiovasc Genet Discovery.
2 919793640 0822862 SHIBGR 5UTR, TSS1500 Zaina 2014 Cire Cardiovasc Genet Discovery.
2 cgrasa2472 43610651 ABCGL N Nazarenko 2014 PLoS One Discovery.
2 cg3s78652 43823863 UBASH3A N Nazarenko 2014 PLoS One Discovery.
2 134539 43820071 UBASH2A N Nazarenko 2014 PLoS One Discovery.
2 cg00362657 44876670 - N Zaina 2014 Cire Cardiovase Genet Discovery.
2 cqeragaLz 44876667 - N Zaina 2014 Cire Cardiovasc Genet Discovery.
2 cg22001; 46131 cator2o N iazarenko 2014 Discovery.
2 UHNhscpgo024686 | 46,842 417 -46.843516 51008 - Casiilo-Diaz 20141 Mol Med Validated
2 cg5274 48.054 5 PRMT2 N sk Andersen 2016 Hum Mol Genet Discovery.
2 UHNhscpgo024689 | 18221850 -18.223.031 - Casiilo-Diaz 201413 Mol alicai
22 10957 200106 220125, MIR185. N Guarrera 2015 Cin Epigenet Not satstically sgnificant
22 cg02523400 21128101 SERPINDL - Nazarenko 2014 iscovery
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22 cg10628201 21077507 UBE2L3 Boy, 3UTR Zaina 2014 Circ Cardiovasc Genet Discovery.
22 6044 22222507 MAPKL N ‘Gemez-Uriz 2015 Discovery.
22 cq2282543 22,868,565 2ZNF2808 Body ina 2014 Circ Cardiovasc Genet Discovery.
22 cq25500527 20.970.254 GGTL Tss1500 Zaina 2014 Cire Cardiovasc Genet Discovery.
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22 _ 20,8663 ABO20652 N 16 PLoS One. Discovery.
22 cqrrs0s852 30003603 NP2 Body Zaina 2014 Circ Cardiovase Genet Discovery.
22 eq1274025 31.535.081 PLA2G3 _ Nazarenko 2014 PLoS One Discovery.
22 015823100 32027580 PISD Tssis00 Zaina 2014 Cire Cardiovase Genet Discover
22 cq09432376 36.044.226 APOLE ~ Nazarenko 2014 PLoS One Discovery.
22 cq25036527 36123779 APOLS Body Zaina 2014 Circ Cardiovase Genet Discovery.
22 cqess6a1as 36,135,450 REMY 3UTR Zaina 2014 Cire Cardiovasc Genet Discovery.
22 cq22083368 37.404.888 MaC3s208 - Nazarenko 2014 PLoS One Discovery.
22 cg27115863 370216 _ - EK 2016 Hum Mol Genet ta.an
22 UHNhscpgo00s057 | 38.348.705 -38.349.041 cazor2a - ‘Sharma 2014 Discovery.
22 cq17652424 3857411 PLA2GS sUTR Zaina 2014 Cire Cardiovase Genet Discovery.
22 UHNhscpgo024745 | 40799 574 -40.800.700 FAM109B - Casiilo-Diaz 2014 1. Mol M Validated
22 005423 1502 _ - Zaina 2014 Cire Cardiovasc Genet Discovery.
22 015331500 a1770.351 TEF Body, Body Zaina 2014 Circ Cardiovase Genet Discovery.
22 g02803775 avoa7.252 POLRIH Body Zaina 2014 Circ Cardiovasc Genet Discovery.
22 cg02736548 azam222 FAM100B ~ RaskAndersen 2016 Hum Mol Genet Discovery.
22 ogo1311181 4a577.181 PARVG 5UTR, Body, TS5200 Zaina 2014 Circ Cardiovasc Genet Discovery.
22 919603134 a4577.240 PARVG 5UTR, Body. T5200 Zaina 2014 Circ Cardiovasc Genet Discovery.
22 cq07072704 45800736 FBLNL Zaina 2014 Cire Cardiovase Genet Discovery.
22 019916740 46.275.064 - - Zaina 2014 Cire Cardiovasc Genet Discovery.
22 og18826958 46275235 - - Zaina 2014 Cire Cardiovase Genet Discovery.
22 cg19764731 46,450,024 - - Zaina 2014 Cire Cardiovase Genet Discovery.
22 cg00921237 49.496.760 - Zaina 2014 Cire Cardiovasc Genet Discovery.
2 cg15149038 50018392 Locaesds - arerko 2014 PL Discovery.
22 cg09349128 50.327.986 Downstream of CRELD2* - ‘Yamada 2014 1 J Mol Med, Ek 2016 Hum Mol Genet ‘Yamad: discovery, EX: Validated + meta-analysis
22 cgoa1313a 50.482.045 TILs Body Zaina 2014 Circ Cardiovasc Genet Discovery.
22 cota683691 50484435 et N dersen 2016 Hum M iscout
22 g05861567 50523665 MLC1 - Nazarenko 2014 PLoS One, Rask-Andersen 2016 Hum Mol Genet Nazarenko: discovery
22 cqes127852 50523702 MLCL - Andersen 2016 Hum Mol Ger Discovery.
22 cq8660915 50523790 mct st Exon, 5UTR, TSS201 Zaina 2014 Circ Cardiovasc Genet Discovery.
2 120 50523055 MLCS st Exon, UTR, TSS20¢ Zaina 2014 Circ Cardiovasc Genet Discover
22 900390484 - C2201125, MIR185 . ‘Guarrera 2015 Cin Epigenet Not satstcally significant
22 504 - Cazori25, MIR1ES - Guarrera 2015 Cin Epigenet Not satstically signifcant
x UHNNhscpg0020592 9693151 -9.604305 GPRLY - Casiilo-Diaz 20141 Mol Med Validated
x cg112 9733287 GPRI43 - (azarenko 2014 PLoS One Discovery.
X cg01997953 30505690 Cor2l - Nazarenko 2014 PLoS One Discovery.
x cq21836062 33.357.661 oMD - Nazarenko 2014 PLoS One Discovery.
x cg10537079 38211655 orc - Nazarenko 2014 PLoS One Discovery.
X g22010317 45060544 CXortze - Nazarenko 2014 PLoS One Discovery.
x 62 46937571 RGN - Nazarenko 2014 PLoS One Discovery.
x cqo7654896 46.937.820 RGN - Nazarenko 2014 PLoS One Discovery.
x 76882: 47.489.66 PrC - Nazarenko 2014 PLoS One Discovery.
X UHNRSCpgO007430 | 66,108 501 -66.198.865 Upstream: EDAZR, downstream: AR - ‘Sharma 2014 Gene Discovery.
X q047: 66.763.35¢ AR - Nazarenko 2014 PLoS One Discovery.
X cq2a079782 78200921 P2RY10 - Nazarenko 2014 PLoS One Discovery.
x 2057 79.277.067 Texz2 - Nazarenko 2014 PLoS One Discovery.
X 85.303.30 cHM - Nazarenko 2014 PLoS One Discovery.
X UHNhScpgo006720 | 91.035.727 -91035.922 PCDHLIX - harma 2014 Gene Discovery.
x g2706762; 100,120 56¢ NOX1. - 2014 PLoS One Discovery.
x UHNhscpg0017732 | 102820282 102 829.630 Upsiream: MORFAL2, downstream: TMEM31 - Casiilo-Diaz 201413 Mol Med Validated
X cq05397738 11836957 - iazarenko 2014 PLoS One Discovery.
x UHNRScpgo003259 | 120252 608 -120.252 685 Upsiream: GLUD2, downstream: GRIA3 - ‘Sharma 2014 Ge Discovery.
x - 123.003.924 -123.094.562 sTAG2 - ‘Oudejans 2016 PLoS One: Discovery.
x - 153.046.342 -153.046.768 SRPK3 - Oudejans 2016 PLS One: Discovery.
x UHNhScpgo000068 | 153826 681 -153827.209 Upstream: CTAGLA, downsiream: CTAGIA - harma 2014 Gene Discovery.
x 7232 - MAGEAS . Nazarenko 2014 PLoS One Discovery.
x 274 - PNMASA - Nazarenko 2014 PLoS One cover

NoBLATHL | UHNhscpgo001187 - NA NA ma 20: Discovery

NoBLAT Nt | UHNhscpg0001505 - NA NA ‘Sharma 2014 Gene Discovery

NoBLAT it | UHNhscpg0002697 - NA NA ‘Sharma 2014 Gene Discovery

NoBLATHL | UHNhscpg0003215 - NA NA Sharma 2014 Gene Discovery

NoBLAT Nt | UHNhscpg0015763 - NA NA Casiilo-Diaz 20141 Mol Med Validated

No BLAT hit - NA NA Casiilo-Diaz 2014 1 Mol Med Validated




Table 5. Differentially genes described __in the eligible EWAS.
CI Gene symbol Number of CpGs/CGls [_n(genes)= 1621
1 AADACL4 2 Zaina 2014 Circ Cardiovasc Genet
1 ABCA4 1 Nazarenko 2014 PLoS One [ 1540 genes ing differentially CpGsI/CGls
1 ACOT? 1 Zaina 2014 Circ Cardiovasc Genet [ 81 genes located upstr of CpGs/CGls
1 ADCY10 1 Zaina 2014 Circ Cardiovasc Genet
1 ADORAL 1 Zaina 2014 Circ Cardiovasc Genet
1 ADORA3 1 Nazarenko 2014 PLoS One
1 AGBL4 1 Zaina 2014 Circ Cardiovasc Genet
1 AlM2 1 Nazarenko 2014 PLoS One, Ek 2016 Hum Mol Genet
1 AJ301580 1 Castillo-Diaz 2014 | J Mol Med
1 AK056657 1 Oudejans 2016 PLoS One
1 AMPD1 3 Zaina 2014 Circ Cardiovasc Genet
1 ANGPTLL 1 Nazarenko 2014 PLoS One
1 ANGPTL3 1 Nazarenko 2014 PLoS One
1 APITD1 1 (with CORT1) Zaina 2014 Circ Cardiovasc Genet
1 ARHGEF10L 1 Zaina 2014 Circ Cardiovasc Genet
1 ARLBA 1 Zaina 2014 Circ Cardiovasc Genet
1 ATP2B4 1 Zaina 2014 Circ Cardiovasc Genet
1 B3GALT2 1 (with CDC73) Zaina 2014 Circ Cardiovasc Genet
1 BCAR3 1 Zaina 2014 Circ Cardiovasc Genet
1 Clorf151 1 Zaina 2014 Circ Cardiovasc Genet
1 Clorf161 1 Nazarenko 2014 PLoS One
1 Clorf21 1 Zaina 2014 Circ Cardiovasc Genet
1 Clorfs52 1 Nazarenko 2014 PLoS One
1 CAMTAL 2 Zaina 2014 Circ Cardiovasc Genet, Yamada 2014 | J Mol Med
1 CAPZB 4 Castillo-Diaz 2014 | J Mol Med, Zaina 2014 Circ Cardiovasc Genet
1 CASZ1 3 Zaina 2014 Circ Cardiovasc Genet
1 ccpc24 1 Zaina 2014 Circ Cardiovasc Genet
1 CD244 1 Zaina 2014 Circ Cardiovasc Genet
1 CDs3 1 Nazarenko 2014 PLoS One
1 CDs8 1 Zaina 2014 Circ Cardiovasc Genet
1 coc? 1 Sharma 2014 Gene
1 CDC73 1 (with B3GALT2) Zaina 2014 Circ Cardiovasc Genet
1 CDbCP2 1 Nazarenko 2014 PLoS One
1 CENTBS 1 Castillo-Diaz 2014 | J Mol Med
1 CHI3L2 1 Nazarenko 2014 PLoS One
1 CHRNB2 1 Rask-Andersen 2016 Hum Mol Genet
1 CLIc4 2 (1 upstream, downstream: RUNX3) Castillo-Diaz 2014 1 J Mol Med, Zaina 2014 Circ Cardiovasc Genet
1 CNR2 1 Nazarenko 2014 PLoS One
1 CORT 2 (1 with APITD1) Nazarenko 2014 PLoS One, Zaina 2014 Circ Cardiovasc Genet
1 CR936711 1 Rask-Andersen 2016 Hum Mol Genet
1 CTPS 1 Zaina 2014 Circ Cardiovasc Genet
1 CTsK 2 Nazarenko 2014 PLoS One
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