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Parkinson’s disease (PD) is the second most common neurodegenerative disease, of which the
histopathological hallmark is the formation of Lewy bodies consisting of a-synuclein as the major com-
ponent. o-Synuclein can sequester DNA Methyltransferase 1 (DNMT1), the maintenance DNA methyla-
tion enzyme, from the nucleus and into the cytoplasm, leading to global DNA hypomethylation in
human brain. As DNA methylation is a major epigenetic modification that regulates gene expression
and there is no specific database storing PD associated methylation information, PDmethDB
(Parkinson’s Disease Methylation Database) aims to curate PD associated methylation information from
literature to facilitate the study of the relationship between PD and methylation. Currently, PDmethDB
contains 97,077 PD methylation associated entries among 12,308 molecules, 37,944 CpG sites, 31 tissues
and 3 species through a review of about 1600 published papers. This includes information concerning the
gene/molecule name, CpG site, methylation alteration, expression alteration, tissue, PMID, experimental
method, and a brief description about the entry. PDmethDB provides a user-friendly interface to search,
browse, download and submit data. PDmethDB supports browsing by molecule, species, tissue, gene
region, methylation alteration and experimental methods. PDmethDB also shows the entry gene interac-
tion network including protein-protein interactions and miRNA-targets interactions with a highlight of
PD associated genes from DisGeNET database. PDmethDB aims to facilitate the understanding of the rela-
tionship between PD and methylation.
Database URL: https://ageing.shinyapps.io/pdmethdb
© 2020 The Authors. Published by Elsevier B.V. on behalf of Research Network of Computational and
Structural Biotechnology. This is an open access article under the CC BY-NC-ND license (http://creative-
commons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Parkinson’s disease (PD) is the second most common neurode-
generative disease and mainly affects the motor system of patients
[1]. Its symptoms include tremor, slowed movement, rigid muscle,
and impaired balance [2]. The hallmark of PD is the formation of
Lewy bodies with o-synuclein (SNCA) as the major protein compo-
nent [3]. Although the causes for PD remain unclear, genetic and
environmental factors appear to be associated with PD [4]. Meta-
analysis of genome-wide association studies (GWAS) have identi-
fied 90 genetic variants that account for 16-36% of the heritable
risk of PD [5]. The mutations of SNCA (A53T, A30P and E46K) are
associated with familial PD [6]. In addition, intron 1 of SNCA is
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hypomethylated in the substantia nigra of sporadic PD patients
[7,8]. Moreover, SNCA can sequester DNA Methyltransferase 1
(DNMT1), the DNA methylation enzyme, from the nucleus to the
cytoplasm, leading to global DNA hypomethylation in human brain
[9]. An increasing body of research has aimed to determine the role
(s) of methylation alteration in PD pathogenesis [10-13]. Nonethe-
less, a gene may have different methylation patterns in different tis-
sues or brain regions. For example, SNCA has two significantly
hypermethylated CpG sites in parietal cortex of PD patients than
controls, while several significantly hypomethylated CpG sites in
occipital cortex and substantia nigra [ 13]. Moreover, there remains
some controversy regarding the relationship between specific
methylation alterations and PD. Some researchers observed no sig-
nificant methylation alteration in the intron 1 region of SNCA in the
leukocyte of PD patients by pyrosequencing analysis [14], while
others found significant hypomethylation in the same region [15].
All results identified by previous analysis might therefore be helpful
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to resolve conflicting results, aid in meta-analysis, and facilitate
data integration. However, no specific database stores PD associ-
ated methylation alteration information to our knowledge.

A current PD database (PDGene) contains only genetic associa-
tionresults [16,17] or speech recordings [ 18] from patients. Alterna-
tively, MethHC database contains methylation results but only from
cancer [19], while Encode has a wealth of methylation and other
epigenetic data, but not from PD patients [20]. Additionally, Gene
Expression Omnibus (GEO) [21] and the Michael ]J. Fox Foundation
contain some DNA methylation datasets from PD patients, but
require considerable effort to obtain and analyze specific PD associ-
ated methylation alterations. Therefore, a user-friendly curated
database focused on PD associated methylation alteration is needed.

To facilitate the study of the relationship between PD and
methylation alteration, we have developed a manually curated
database, Parkinson’s Disease Methylation Database (PDmethDB),
to collect and make available PD associated methylation informa-
tion from related literature. We expect PDmethDB can serve as
an important tool and resource for studies in this area.

2. Materials and methods
2.1. Data collection and implementation

In order to collect available PD methylation associated papers,
we used keywords, “Parkinson AND methylation”, to search
PubMed, Scopus, and Embase databases and got 1019, 884, and
1099 related papers on Sept. 15, 2020 from PubMed, Scopus, and
Embase, respectively. Table S1 shows the titles, publication year
and PubMed ID (PMID) list of these papers. Then, we manually
retrieved PD associated methylation alteration information from
these papers. We collected tissue, gene/molecule name, CpG site,
gene region (e.g. 5’'UTR, TSS1500, TSS200, and Intron), expression
alteration (e.g. up-regulation, and down-regulation), methylation
alteration (e.g. hypomethylation, and hypermethylation), experi-
mental method (e.g. Illumina Infinium HumanMethylation450
BeadChip, pyrosequencing, and review), species (human, mouse,
rat), hyperlink to PubMed records, a brief description about the
relationship between the methylation alteration and PD, the title
of the paper, the interactors with ‘gene/molecule’ mentioned-
above, the alteration of the interactor, hyperlinks to HGNC [22],
Ensembl [23], and NCBI [24] database using HGNC approved sym-
bol, Ensembl gene ID, and Entrez gene ID, and detailed information
about the gene including Gene_biotype (e.g. protein_coding,
lincRNA, and miRNA), chromosome name, band, and strand infor-
mation. Eventually, we curated a total of 97,077 PD methylation
associated entries. The methylation alterations of these entries
include ‘Hypermethylation’, ‘Hypomethylation’, 'Methylation alter-
ation’, ‘No significant methylation alteration’, ‘Differential methy-
lation involved in hemispheric asymmetry’ etc. Each entry
contains the methylation associated gene or/and CpG site informa-
tion, totally about 12,308 genes and 37,944 CpG sites. The relation-
ship between PD and methylation for specific entry might exist in
specific tissue. Therefore, PDmethDB curated tissue and the rela-
tionship information, simultaneously. PDmethDB contains the
relationship between PD and methylation from about 32 tissues
including ‘Substantia nigra’, ‘Cortex’, ‘Putamen’, ‘Cerebrospinal
fluid’, and ‘Leukocyte’ etc. These entries are from 3 species includ-
ing human, mouse, and rat. Each entry was allocated an accession
number (e.g. Entry 1, and Entry 2) according to the publish time of
the related paper. Additionally, we collected PD associated genes
from DisGeNET v6.0 database [25], protein-protein interactions
from HPRD (release 9) database [26], and miRNA-targets interac-
tions from miRTarBase (version 7.0) [27] to construct a gene asso-
ciated interaction network.
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The database was constructed by the “shiny” package [28]. The
data tables for searching or browsing results are fulfilled by the
“DT” package [29]. The network visualization is fulfilled by the
“networkD3"” package [30]. The word cloud, pie chart, and bar chart
are implemented by the “ECharts2Shiny” package [31]. The sub-
mission function is fulfilled by the “shinyjs” package [32].

3. Results
3.1. User interface

PDmethDB provides interfaces for searching, browsing, submis-
sion, downloading data, contact, and network visualization (Fig. 1).
In the search page, users can search the PDmethDB using gene
symbol (e.g. SNCA, or MAPT), tissue name (e.g. substantia nigra,
or cortex), and methylation alteration (e.g. hypomethylation, or
hypermethylation). The checkbox named ‘Case-insensitive’ can ful-
fill case-sensitive and case-insensitive searching. Additionally,
PDmethDB provides six ways to browse: Browse by Molecule,
Browse by Species, Browse by Tissue, Browse by Gene Region,
Browse by Methylation Alteration, and Browse by Method. By
clicking the “EntryNO” column of the searching or browsing
results, PDmethDB will go to the “Detail” tab. The “Detail” tab
shows all information retrieved from the corresponding paper
and detailed information about the entry gene (e.g. gene_biotype,
chromosome name, and band) and hyperlinks to HGNC, Ensembl,
and NCBI database that makes it easier to extend a query regarding
a gene. If the gene in the entry has protein—protein interactions in
the HPRD database or miRNA-Targets interactions in miRTarBase,
PDmethDB will also show the “network” tab which displays the
interactions of the entry gene with other molecules (protein or
miRNA). Notably, the PD associated genes from DisGeNET that
interact with the gene in the entry will be highlighted in the net-
work with the legend “PDgene”. The “PieChart” tab shows four
pie charts including Tissue, Methylation Alteration, Gene Region,
and Expression Alteration. These pie charts illustrate the propor-
tion of different terms obtained in the search results. Based on
the information of the pie charts, users can easily obtain the infor-
mation about the major tissue used to study the queried gene, the
major methylation or expression alteration of the gene, and the
major methylation alteration associated gene region of the gene,
which might be useful for experimental design. PDmethDB also
provides a tab in tabular format named “SummaryTable” to sum-
marize the searching results from the perspective of tissue, methy-
lation alteration, gene region, and expression alteration. In the
Statistics page, PDmethDB provides three tabs to show the key fea-
tures of the data from the perspective of genes, methylation alter-
ation, tissue, and experimental methods. As “Top Genes Word
Cloud” shows, the frequently studied methylation altered genes
in PD include SNCA, MIR886, MAPT, and CYP2E1. The top differen-
tially methylated signals in PD from the ‘Statistics’ page might
facilitate researchers to do literature meta-analysis. PDmethDB
also supports a user-friendly submission function and users can
submit PD associated methylation alteration information to
PDmethDB to make the database even more comprehensive. In
the “Download” page, users can download all curated data easily
by clicking the download button. We expect the data in this form
could be beneficial for investigations initiated by users. In the
“Contact” page, PDmethDB provides the email of the database
developer and feedback submission box, with the aim to utilize
users’ feedbacks or suggestions to make PDmethDB more user-
friendly and efficient. PDmethDB provides a “Tutorial” page to
guide users on how to use PDmethDB. In summary, PDmethDB
aims to be a user-friendly and comprehensive platform to display
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PDmethDB Home Statistic Download Contact Tutorial
Welcome to submit PD associated methylation information to PDmethDB
* Required Fiolds
Your interested gene, tissue, or Browse Way PMID™*
methylation alteration
Browse By Molecule| -~
Species *

SNCA
Browse By Molecule

Case-insensitive Browse By Species

Examples: Browse By Tissue

Gene: MAPT
Tissue: Substantia nigra
Methylation Alteration: Hypomethylation

Browse By Gene Region
Browse By Methylation Alteration
Browse By Method

Molecule Name

Methylation Alteration *

Tissue

Method

Results | PieChart Tabl
Show | 50 7 entries Search:
N e N e ) Methylat Description *
EntryNO Tissue Sub_tissue ene P ene ~prossion othylation PMID
name sites region alteration alteration
Al Al All
Substantia
Entry 32 Brain . SNCA Intron 1 up-regulation  Hypomethylation 20445061
nigra Results PieChart
| Entry 33 Brain Putamen SNCA Intron 1 up-regulation  Hypomethylation 20445061
Tissue Pie Chart
Entry 34 Brain Cortex SNCA Intron 1 up-regulation  Hypomethylation 20445061
Entry 36 Brain Substantie SNCA up-regulation  Hypomethylation 21124796
nigra SK-N-SH cells
SH-SYS5Y cells
. Prefrontal 5 :
Entry 38 Brain SNCA Promoter  up-regulation  Hypomethylation 21296890
cortex 3C)-derived dopaminergic neurons ———
Prefrontal cortex ——
Entry 39 SNCA Intron 1 up-regulation  Hypomethylation ~ 21296890 Substantia nigra
‘r Anterior cingulate cortex
Peripheral blood —~
Results  PieChart  SummaryTable  Detail
Items Details o i .
Substantia nigra : 34 (30.09%)
EntryNO Entry 33 eral blood monoaCEarte -
Tissue Brain
Sub_tissue Putamen >, Cortex
Gene name SNCA Putamen —
GpaG sites NA
Gene region Intron 1
Expression up-regulation
alteration . ;
Results PieChart SummaryTable Detail Network
alteration . Gene
Method Bisulfite sequencing I selectedGene
Species Human . PDgene
PMID 20445061 . miRNA
Title: regulates alpha-synuclei ion and is in Parkinson's disease patients' brains
5 @00V g\
D Ipha-synuclein (SNCA) is a maijor risk gene for Parkinson's disease (PD), and increased SNCA gene dosage results ® Qm\\‘l' a2
in a parkinsonian syndrome in affected families. We found that methylation of human SNCA intron 1 decreased gene |
expression, while inhibition of DNA activated SNCA of SNCA intron 1 was
reduced in DNA from sporadic PD patients' substantia nigra, putamen, and cortex, pointing toward a yet
unappreciated epigenetic regulation of SNCA expression in PD
Interactor NA
Interactor alteration ~ NA
HGNC Approved SNCA
symbol
HGNG Approved synuclein alpha
name
HGNC Alias NACP, PD1
symbols
Ensembl ENSG00000145335
Entrez_ID 6622

Fig. 1. The interface of PDmethDB. The black rectangle indicates the clickable link button and the arrow leads to the corresponding return page.

and provide current information about the relationship between
PD and methylation alteration.

3.2. Case study using PDmethDB database

The methylation alteration in PD patients versus controls of
SNCA can be observed in different tissues and different gene
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regions. Based on the information contained in our database, a user
can perform analysis flexibly. For example, we performed an anal-
ysis of the methylation alteration patterns of SNCA in different tis-
sues and gene regions. Firstly, we searched PDmethDB by “SNCA”
and we used the results to reveal the SNCA methylation alteration
proportion in PD patients at each tissue and gene region (Fig. 2).
Fig. 2A shows the methylation alteration of SNCA in all tissues for
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C‘

Cortex

‘

Leukocyte

* Hypomethylation

* No methylation alteration

2.2% 4

4 Hypermethylation

No significant methylation
alteration

4 Hemispheric asymmetry

Fig. 2. Pie charts displaying methylation alteration summaries of SNCA in different tissues or cell types and gene regions. Percentages refer to returned items in the database
for a specific keyword that support the methylation alteration. The methylation alteration proportion of SNCA in PD patients versus controls are indicated as all tissues (A),
substantia nigra (B), cortex (C), putamen (D), peripheral blood mononuclear cell (E), leukocyte (F), intron 1 (G), and promoter region (H), respectively. The methylation
alteration information is defined as PD versus controls: Hypermethylation, No methylation alteration, No significant methylation alteration, and Hypomethylation. Alteration

status was curated from the related papers.

which data is available. Percentages refer to returned items in the
database for a specific keyword that support the methylation alter-
ation. Of these, 86.5% entries show hypomethylation in PD patients
versus controls, 9.8% no methylation alteration, 1.9% methylation
alteration but not reaching significance, 1.4% differential methyla-
tion involved in hemispheric asymmetry, and 0.5% hypermethyla-
tion. In detail, over 87% of entries support hypomethylation of
SNCA in substantia nigra, cortex, putamen, and peripheral blood
mononuclear cell (Fig. 2B-E). However, only 53.3% entries report
hypomethylation of SNCA occurs in leukocyte (Fig. 2F). Fig. 2G, H
shows the methylation alteration at different gene regions of SNCA.
For intron 1 region of SNCA, 90.1% entries reveal hypomethylation
in PD patients versus controls. For the promoter region of SNCA,
84.4% entries mention hypomethylation in PD patients versus
controls.

3.3. Future extensions

As the development and throughput of sequencing technology
improves rapidly, an increasing volume of PD associated methyla-
tion information will be generated and PDmethDB will continue to
manually curate such information. We will update PDmethDB
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every six months. In addition, we will incorporate new analysis
tools to PDmethDB to extend its utility and content coverage. We
will update PDmethDB according to users’ suggestions.

4. Discussion and conclusions

PD is a multifactorial disease that is associated with genetic,
environmental, nutritional and ageing risks. Epigenetic changes
might occur in response to some of these factors [15,33]. For some
specific individuals, epigenetic drift might be triggered by factors,
such as lifestyle and caloric intake. With the existence of an epige-
netic clock, some studies focus on the relationship between PD and
methylation alteration [34]. Researchers found that the same gene
might have different methylation alterations in different tissues or
regions. For example, SNCA has two significantly hypermethylated
CpG sites in parietal cortex of PD patients than controls, while
several significantly hypomethylated CpG sites in occipital cortex
and substantia nigra [13]. Therefore, PDmethDB collected the
methylation alteration and tissue information, simultaneously. In
addition, there are some controversial results about the methyla-
tion alteration of a specific gene or region in PD. One study
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revealed that no significant methylation alteration was found at
the intron 1 region of SNCA in post-mortem brain of PD patients
compared to controls using the EZ DNA methylation kit [35], while
another study showed that hypomethylation occurs in substantia
nigra, putamen, and cortex region of sporadic PD patients [8].
PDmethDB collected all these data aiming to provide more com-
prehensive information about the relationship between the methy-
lation alteration and PD. Additionally, PDmethDB provides the
search result pie charts displaying methylation alteration propor-
tion, tissue proportion, experimental method proportion and gene
region proportion, which might be helpful to interpret current
results and guide design of future experiments. In addition, for
researchers who study genes in PD associated biological processes
such as inflammation, autophagy, DNA repair, or oxidative stress
[34], an inspection on whether a gene linked to these processes
contains methylation alteration could be conducted in PDmethDB,
and thus provide guidance for future studies.

In summary, PDmethDB provides a platform for storing PD
associated methylation alteration information from related papers,
with the aim to facilitate the study of the relationship between
methylation alteration and PD pathology.
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