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1. Introduction

Work Package 3 focuses, among other things, on the creation and provision of a semantic framework
for neurodegenerative diseases in the form of central resources for controlled vocabularies and shared
ontologies. Here, we address tasks 3.4 ("Workflows for clinical data curation and processing" and 3.6
("FAIR data principle implementation on all modalities") with the deliverables 3.10 ("Framework for
multimodal integrated annotations established and in use") and 3.12 ("Evaluation and optimization of
pipeline for practical use concluded"). Main objectives of these deliverables were to realize multimodal
knowledge integration and its usage, the fulfilment of the FAIR data priciples in all our applications, to
continuously update existing resources via dedicated curation pipelines and software content updates,
and to ensure reproducibility of applications through intelligent software deployment (see section 2.6

as an example).

Within TVB-Cloud two systems are implemented and made available for the consortium members. The
content in these systems requires continuous updates.

e The Ontology Lookup Service (OLS) from Fraunhofer Institute for Algorithms and Scientific
Computing (SCAI), and

e the CTS2 system from University of Genova (UNIGE).

Semantic integration of data and knowledge Applications of Semantic Services
TVB-C viewer

t * data annotation and normalization

* metadata annotation
TVB-C work packages » interoperability of data

* text mining based

; - information/knowledge retrieval
Semantic Services — : :
» knowledge curation into Biological
Expression Language
CTS2 (T3.5) OLS (T5.1) * mapping and alignment of ontologies
(OX0)
Semantic Framework * provisioning of terminologies and
ontologies
' t * curation and revision ontologies

* provenance

’ Terminologies | Ontologies

Figure 1: Schema of the Sematic Framework

The two deliverables share the same premise, but one was mainly developed by Fraunhofer SCAI and
the other by the University of Genoa. In a context of shared semantics, CTS2 provides a modular,
common and universally implementable set of operations, which can then be used to manage a set of
terminologies chosen by service users in their own distribution environment. The Ontology Lookup
Service (OLS) provides a repository for biomedical ontologies that aims to provide a single point of
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access to the newest ontology versions. These services complement each other and generate a
sematic framework. Technically, they are realized as independent services.

With these two deliverables two demonstrators of the websites are made available at the following
addresses:

e OLS, the ontology lookup service software is being used to host the Referential Ontology Hub
for  Applications  within  Neurosciences  (ROHAN), which is  accessible at
https://rohan.scai.fraunhofer.de/ols/index.

e (CTS2 compliant interface: The read and query part are open to everyone, while the access to
the maintenance part is limited by a login. This access can be given to any member that wants
to make a trial. The address is: http://www.medinfo.dibris.unige.it/VBC_CTS2 (for more
information see delivery D3.14: “Integrated, open-source terminology versioning and
management tool CTS2 compliant application shared with partners”).

Fraunhofer SCAl is responsible for continuous maintenance of the OLS instance and its content.

2. Results
2.1. ROHAN service - content update

By November 2021 the repository contains 14 terminologies and ontologies. Altoghether they consist
of 57,361 terms, 2,378 properties and 1,204 individuals. Figure 2 shows a screenshot of the resources
page of ROHAN service that lists the ontologies. These ontologies comprise the majority of relevant
entities and their relationships that are required to describe and harmonize data and knowledge about
neurodegenerative diseases. Updating and revision of the ontologies is an ongoing process within WP3
and WP5. We are continuously updating ontologies, especially the Clinical Trial Ontology (CTO),
Neuroimaging Feature Ontology, HUPSON, Brain Region and Cell Type Ontology, Alzheimer Disease
Ontology (ADO) which act as the basis for the semantic framework.

In the next section, we describe the updating of the Clinical Trial Ontology and the Alzheimer Disease
Ontology. Other ontologies will be updated accordingly, if necessary.

2.2. Clinical Trial Ontology

To model the field of clinical trials, the Clinical Trial Ontology for Neurodegeneration Diseases (CTO-
NDD) was developed for the IMI-funded AETIONOMY (https://www.aetionomy.eu/) project. During the
TVB-Cloud project, this ontology has been updated. The overall structure of the updated ontology is
based on community-agreed standards, like basic formal ontology (BFO) and, in addition, the best
practices as well as the principles of Open Biological and Biomedical Ontology (OBO) Foundry are
applied. The development of the ontology is undertaken by using Protégé OWL editor
(https://protege.stanford.edu/) in ontology web language (OWL) format.
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We have continued to work on the CTO. There are now two ontologies, a core Clinical Trials Ontology
(coreCTO) and an extended Clinical Trials Ontology (extCTO). The updated version, the core Clinical
Trials Ontology (Figures 3 and 4) serves as a structured resource integrating basic terms and concepts
in the context of all clinical trials (Figure 6 and Figure 7). Therefore, terms and concepts from
ClinicalTrials.gov ! as dedicated data provider to the WHO International Clinical Trials Registry Platform
(ICTRP) were integrated (https://prsinfo.clinicaltrials.gov/definitions.html). To ensure alignment with
WHO and International Committee of Medical Journal Editors (ICMJE) recommendations, terms
outlined in  WHO ICTRP were considered (https://www.who.int/clinical-trials-registry-
platform/network/who-data-set). The coreCTO is being developed together with external partners from
NCBI, FDA and University of Michigan. The extCTO will be used to support implementation of specific
applications such as annotation of variables in documents derived from neurodegeneration disease
clinical trials and further text mining use cases.

We have developed an application case for the coreCTO and published the initial version of this
ontology 2.The current version of the CTO ontology is available in the ROHAN service.
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List of all resources in the Terminology Service

Show | 256 ¥ |entries

Short .
Resource Name Description
name

Alzheimer's Disease Ontology (ADON) @ m;:r!;sl.mer LG L G R o on
Arbeil 1schal fuer Methodik und .
£} D P
Dokumentation in der Psychiatrie m . e D
Bipelar Disorder Ontology BPDO The SCAI Bipolar Disorder Ontelogy. This is a draflt

The BRCT stands for Brain Region and Cell Type terminolegy, which was bult with the purpose of

Brain Region and Cell- Type Terminology organizing the knowledge domain of brain anatomy with a top-down granulasity, Irom gross regions

{BRCT) 1o cell types. This resource has been created for use in the IMI-lunded AETIONOMY project
(www.aetionomy.org).

Epilepsy Ontolegy ER The SCAI Epilepsy Ontology. This is & draft

Extended Version of Clinical Trial Ontology PRELIMINARY VERSION FOR DISCUSSION PURPOSE ONLY
The Disease Onlology has been ped as a gy for human disease with the

. purpose of ing the biomed ity with consi able and sustai
- 1o 9

Human Disease Ontology oo descriplions of human disease temms, phenolype characteristics and related medical vocabulary

disease concepts.

HUPSON - Human Physiolagy Simutation Ontology This is a first drafl of the HuPSON entology as a
and ity of si

basis and starting point for shared i models,

Human Physiology Simulation Ontology m and other resources in this domain. The ay Lais with MathML exp

{HUPSON} which make the tion types therein contai Itis based on
the Basic Formal Ontology. adheres 1o the MIREOT principles and has been evalualed via structural
features, compatency questions and use case scenarios.

Mulliple Scierosis Ontelogy (MSO) m Multiple sclerosis ontolagy integrated with Basic formal catology.

The Neuro-Imaging Feature Termi (NIFT) was 1o the dornain
. of measured brain features in iation with by imaging !
Ne na Fealure Te ol =
ml‘;’g QA Tore. Iemn TR NIFT The purpose is to identify imaging bi that can be from multi-modal
brain imaging data. This i pls o cover fealures and parameters in brain
scans relevant 1o disease progressicn.
The Parkinson's disease ogy (PDO) as a i ic 1 ing the
whele breadih of the Parkinson's knowledge domain. This entology with a subtlass-based taxonomic
- N hierarchy not only covers the broad sp of major b from to clinical
Parkinson's Disease Ontolegy @ features of the disease, bul also the dillerent views on disease features held by molecular bialogists,

clinicians and drug developers. This resource has been created for use in the IMHunded
AETIONOMY project (www.asticnomy.org).

Pathway Terminology System PTS Pathway qy systems i Events and various Pathway types.

Schizophrenia Ontology m The SCAI Schizophrenia Ontelogy. This is a draflt

The core Ontology of Clinical Trials (CTO) will serve as a structured réscurce integrating basic terme

and concepts in the context of clinical ifials. Thereby covering clinicaltrails.gov. CoreCTO will serve
as a basic ontology to generate extended versions for specific applications such as annotation of
variables in study documnents from clinical trals.

The care Clinical Trial Ontolegy (CTO)

Figure 2: Screenshot of terminologies and ontologies integrated into the ontology hub

(https://rohan.scai.fraunhofer.de/ols/ontologies)
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Figure 3: Top hierarchical architecture of coreCTO aligned to basic formal ontology (BFO).
Concepts that are defined in WHO ICTRP are framed in red. Name of the OBO ontologies of
reused concepts are given in brackets after the concept name.
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PRIMARY OUTCOME MEASURE

has_exact_synonym
Primary Outcome Measure

ALT_DEFINITION

The primary measurement(s) or observation(s) used to measure the
effect of experimental variables in a study, or for observational studies, to
describe patterns of diseases or traits or associations with exposures,
risk factors or treatment. These are the outcome measures used to
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Figure 4: Screenshot of the core Clinical Trials Ontology showing hierarchal structure and
annotations of the concepts (displayed with Protégé editor)

2.3. Alzheimer’s Disease Ontology
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Fraunhofer SCAI has released an Alzheimer Disease Ontology (ADO) 2 in 2014 as the first attempt to
represent knowledge semantically. In 2018, Alzheimer Disease Map Ontology (ADMO) * was released
which is based on systems biology terms. While ADO was aimed to integrate concepts from four
domains of AD - preclinical, clinical, etiological, and molecular/cellular mechanisms, ADMO ontological
model was made to manage the conversion and integration of AlzPathway
(http://alzpathway.org/AlzPathway.html ) * in OWL format. Even though both ontologies are relevant
and complement to each other in its content, they do not follow the OBO foundry principles and are
not based on a common upper hierarchy followed by other standard ontologies in the community. This
is important when we aim to do further analysis with ontologies like reasoning or to establish the
semantic interoperability with other domains. Currently, we are building an integrated version of the
ontology which will follow the OBO foundry principles. Concepts from both ontologies (ADO/ADMO) will
be considered in the newly written ontology. As internal structure of the integrated Alzheimer Disease
Ontology we chose the basic formal ontology (BFO, https://basic-formal-ontology.org/), a hierarchy that
is accepted as standard by the OBO foundry (http://www.obofoundry.org/). If concepts exist in other
ontologies registered by OBO, these concepts are imported and reused. The integrated Alzheimer
Disease ontology will be submitted to the OBO Foundry and a journal publication is in preparation.

2.4. Excerpt of ontology curation guideline

The scientific community defines several standards and best practices to create and develop ontologies.
Open Biological and Biomedical Ontology (OBO) Foundry has defined in the past principles to “develop
interoperable ontologies, that are both logically well-formed and scientifically accurate”. Hence, where
possible, we have used the best practices. That includes the usage of terms that were already described
in an existing OBO conform ontology (Figure 4). Furthermore, to make the curation reproducible and
transparent, several annotations have been added to the ontologies. For example:

. rdfs:label annotation was added for each concept as exactly same as the concept name.

. obolnOwl:hasDefinition property contains the definitions for a concept, which is mandatory for
all concepts.

. rdfs:isDefinedBy contains a reference to the source of the definition, if the definition couldn’t
be imported from an existing ontology.

. importedFrom annotation is used if a concept is reused from another ontology.

. rdfs:seeAlso is used to capture any additional relevant references.

. obolnOwl:hasExactSynonym includes exact synonyms. Source of the synonyms are the terms
from articles or research papers.

. obolnOwl:hasRelatedSynonym includes related synonymes.

. obolnOwl:hasDbXRef is used to add additional link from PubMed/NCBI.

The curation guidelines contain several further rules that ontology experts follow during the curation
process.

The curation guideline is also subject to continuous review. If regulations are adapted, this will be taken
into account in our guidelines.

2.5. Data catalogues, mappings, knowledge graphs and services
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Fraunhofer SCAI provides and updates the web services below:

AData Viewer (https://adata.scai.fraunhofer.de): Harmonizing all the public AD cohort
datasets available

‘=—— Cohorts Biomarkers StudyPicker Ethnicity Modality Mappings Longitudinal Contact Us

/

AData(Viewer)
Exploring the Alzheimer's Disease Data Landscape

Figure 5: Screenshot of the AData Viewer frontpage

PathMe Viewer (https://pathme.scai.fraunhofer.de): Merging and exploring mechanistic pathway
knowledge

PathMe Viewer

A web application to merge and explore the mechanistic pathway knowledge. See our tutorial on
how to get started.

Merge and Explore Pathways Across Multiple Databases

Below, you can select multiple pathways from different databases. To choose a pathway, first select a database and the autocompletion form will then guide you to find
pathways of interest to you. After pathways have been selected, click on the "Explore" button to render the merged network corresponding to the selected pathways.

Examples: mTOR signaling pathway, MAPK signaling pathway

KEGG v | Select the Pathway to compare
Explore Pathways

Figure 6: Screenshot of the PathMe Viewer frontpage

ComPath (https://compath.scai.fraunhofer.de): an integrative and extensible web service for exploring,
comparing, and curating pathway databases
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B GetingStarted -+ SCAIResources +  Imprint

QomPath

=
Log In E Fraunhcf;r'

Q  Explore your favorite pathway.

ComPath Overview

Discover the different pathway databases loaded in
ComPath.

Pathway Enrichment

‘Submit a geneset and analyze its enriched
pathways.

Examples: MAPK signaling pathway, Glycolysis and Gluconeogenesis

Pathway Similarity

Explore, visualize, and cluster pathways according
to their gene set similarity.

Curate

Curate, propose, and establish new mappings
between pathways.

Pathway Overlap

Explore and visualize the overlap between different
pathways.

Explore Overlaps

Pathway Mappings

Explore the mapping catalog. A collection of
mappings between and across databases.

Figure 7: Screenshot of the PComPath frontpage

NeuroMMSig server (https://neurommsig.scai.fraunhofer.de): Interface for users to submit data to the
mechanistic subgraphs in the Alzheimer's Disease, Parkinson's Disease and Epilepsy knowledge
assemblies built in Fraunhofer SCAI.

NeuroMMSig  Quick Tour +  About NeuroMMSig  Imprint Admin

Mechanism Enrichment Server

) Please specify at least one neurodegenerative disease:

[ Aizheimer's Disease

[ Parkinson's Disease

[ Epilepsy

= -, Choose Genes, SNPs, or Imaging Features (comma separated):

. /4

\Z . oL LN incresses — Y

AETIO NS

Z Fraunhofer

Figure 8: Screenshot of the NeuroMMSig frontpage

BiKMi - Biomedical Knowledge Miner (https://bikmi.pharmacome.scaiview.com/): provides tools to
access and validate knowledge encompassing all of the latest information pertaining to Alzheimer's
Disease.
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KoM

BilkCMi

Biomedical Knowledge Miner

Biomedical Knowledge Miner (BiK>Mi) and explorer using e(BE:L)
technology

You are successfully logged in: Open your personal ...

Dashboard

Figure 9: Screenshot of the BiKMi frontpage

Data Steward Tool (DST) - an application that enables semi-automated semantic integration of clinical
data into ontologies, global data models, and data standards. The applicability of the tool has been
tested in the field of dementia by establishing a Clinical Data Model (CDM). A manuscript describing the
DST has been submitted to the Bioinformatics Journal (the preprint is available here:
https://arxiv.org/abs/2111.09313).

«--% Data
+“e Steward

Welcome to the SCAI Data
Steward

Figure 10: Screenshot of the Data Steward Tool

Knowledge Graph Services
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Knowledge graphs have been generated in a disease-context manner. All are available (with guest
accounts) at: https://graphstore.scai.fraunhofer.de

2.6. SCAIView-Neuro (Semantic Search Engine)

SCAIView is an advanced text mining system and semantic search engine that addresses questions of
interest to general biomedical and life science researchers. Most of the current knowledge exists as
unstructured text (publications, text fields in databases) and SCAIView provides users with full-text and
biomedical concept searches, which are supported by large biomedical terminologies and outstanding
text mining technologies. Using machine learning and rule-based named entity recognition, SCAIView
extracts information about genes, drugs, SNPs and other life science entities. SCAIView provides various
functionalities and further have been developed within TVB-Cloud together with corresponding view
components (see D6.1 and D6.2). It is planned to deploy SCAIView in the central TVB-Cloud platform
Virtual Research Environment (VRE, https://vre.charite.de/ ) hosted at the CHARITE.

Corpus selection and advanced search utility: SCAIView provides access to various corpora, for instance,
it includes documents from PubMed, PubMed Central databases (but also arbitrary text corpora). Using
the SCAI text mining pipeline, these corpora are annotated with ontological concepts that occur in the
documents. The search and query utility allows a user to “fire’ free text search, search for a specific
ontological concept, or search documents that are tagged with a specific ontology in all available
corpora. Figure 10 and Figure 11 show two screenshots of the corpus selection page and an exemplary
search query.

= & Neuo SCAIM m

Query Builder @) Expert Search

Im searching for il JJJ) any

I'm looking for And restrict to
() All imported documents
Alzheimer's Disease Ontology (ADON)

5 ::::L::::::l::fgy Publication Type Select a Publication type
The DrugBank database
(] Epilepsy Ontology
And in the context of the FMA curated brain regions ontology ~ Year Select or start typing a year
HUGO Gene Nomenclature Commitiee
[ Medical Subject Headings
[ the neuro names ontology
the PTS pathway dictionary Journal Type journal name
[ Schizophrenia Ontology
TextMining Anatomical Entity (EPO)
And in the corpus of documents TextMining Cellular Process (EPO) Author
[ TextMining Diagnosis (EPO)

Start typing

» Document Identifiers
TextMining Epilepsy Classification (EPO)

[ TextMining Epilespy Imitator (EPO)

[ TextMining Epilepsy Syndrome (EPO) Language Start typing
() TextMining Etiology (EPO)

[ TextMining Risk Factor (EPO)

Q Search Reset

Figure 11: User Interface and the functionality of the semantic search engine Neuro SCAIView
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=/ Newo SCAINET]

Query Builder )  Expert Search

I'm searching for all () any

I'm looking for
learning x  Memory (MESH:D008568) x

[J All imported documents

[J Alzheimer's Disease Ontology (ADON)
the brain region cell ontology

[JJ Human Disease Ontology

[J The DrugBank database

[ Epilepsy Ontology

And in the context of () the FMA curated brain regions ontology

[ Alzheimer Disease (MESH:D000544) x | X ] [JHUGO Gene Nomenclature Committee

Figure 12: Query example: one can search for ‘learning’ as a free text (green) term, memory
and Alzheimer Disease as a concept (red) and ‘the brain region cell ontology as tag in
https://neuro.scaiview.com/

Document list view is available to visualize the results of a search query. Figure 12 shows the document
list view that highlights the search query and the 1818 retrieved documents. Each document is
represented by its title, abstract, authors, and the text mined annotations. The view also allows the user
to change the sorting of the results.

( x leaming x OR[OP] x MESH:D008568 x ) x AND[OP] x ( x MESH:D000544 x AND[OP] x JPMTaggerAnnotator(BRCO14.0) x ) x Q

Found 1,818 documents

$ Sort Results:

F ¥ IF &
Relevance | Date | Date

@ Highlight Annotations

[ Alzheimer's Disease Ontology (ADON)
[J HUGO Gene Nomenclature Committee
[J Human Disease Ontology

[ Schizophrenia Ontology

[ Epilepsy Ontology

[ Medical Subject Headings

[J The DrugBank database

Reduction of increased calcineurin activity rescues impaired homeostatic synaptic
plasticity in presenilin 1 M146V mutant.

Seonil Kim, Caroline J Violette, Edward B Ziff
Neurobiology of aging. , 2015 Dez; 36 (12) :3239-3246. pii: S0197-4580(15)00453-4. doi:
10.1016/j.neurobiolaging.2015.09.007. — — 31 Dec 2015

donirs: DOF10-1016neurobilaging 2015 0807 [ho:iws730052)
I PubMed B Journal Article

" Abstract }

Annotations: % 13 7 6 5 5 2 1 1

Riluzole reduces amyloid beta pathology, improves memory, and restores gene
expression changes in a transgenic mouse model of early-onset Alzheimer's disease.
Masahiro Okamoto, Jason D Gray, Chloe S Larson, Syed Faraz Kazim, Hideaki Soya, Bruce S McEwen, Ana C Pereira
Translational psychiatry. , 2018 Aug; 8 (1) :153. doi: 10.1038/s41398-018-0201-z. —— 14 Sep 2018

erters: PNC:PNCS092428
I PubMed B Journal Article

Abstract 1

Annotations: 45 42 40 ® 7 5 4 4 @ 1

Clinical and neuropsychological characteristics in familial and sporadic Alzheimer's
disease: relation to apolipoprotein E polymorphism.

M Lehtovirta, H Soininen, S Helisalmi, A Mannermaa, E L Helkala, P Hartikainen, T Hanninen, M Ryynénen, P J Riekkinen
Neurology. , 1996 Feb; 46 (2) :413-9. —— 29 Feb 1996

[ERUTTTSY PMID:8614504 | DOI:10.1212/wnl.46.2.413
Iy PubMed 8 Journal Article

[ Abstract }

Annotations: 45 28 24 16 15 1 4 1

[J TextMining Anatomical Entity (EPO)
[ the brain region cell ontology

[ the PTS pathway dictionary

[ TextMining Sign and Symptom (EPO)
[ the neuro names ontology

[ TextMining Treatment (EPO)

[ TextMining Risk Factor (EPO)

[J TextMining Diagnosis (EPO)

[J TextMining Cellular Process (EPO)

Expand all Abstracts
Lut Analyse Corpus:
Select... (A1}

Export bibliography

IDLi.. ~  top 100 v

Figure 13: Document list view of SCAIView
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Full text view: Visualization of a full text view of a document that highlights text mining results
(annotations) using different colors for each ontology or terminology. It has been developed specifically
to visualize the full-text of a single document. Figure 13 shows a screenshot of a PubMed article with its
corresponding text mined results.

s Document Network

Seonil Kim, Caroline J Violette, Edward B Ziff ® Annotations
Neurobiology of aging. , 2015 Dez; 36 (12) :3239-3246. pii: S0197-4580(15)00453-4. doi: HUGO Gene Nomenclatire Committes

10.1016/j.neurobiolaging.2015.09.007. — — 31 Dec 2015 Alzheimer's Disease Ontology (ADON)
Ideniers Human Disease Ontology

Reduction of increased calcineurin activity i
rescues impaired homeostatic synaptic ?::";f;:lf;‘;‘;ﬁ;?:ﬁ;y
plasticity in presenilin 1 M146V mutant. i —————

Alzheimer's disease (AD) is one of the most common neurodegenerative diseases characterized by memory loss and
cognitive impairment. Whereas most AD cases are sporadic, some are caused by mutations in early-onset familial AD
(FAD) genes. One FAD gene encodes presenilin 1 (PS1), and a PS1 mutation in methionine 146 impairs homeostatic
synaptic plasticity (HSP). We have previously shown that Ca(2+) and calcineurin activity are critical regulators of HSP.
Here, we confirm that endoplasmic reticulum-mediated Ca(2+) signals are increased in mutant PS1 neurons. We
further show that calcineurin activity is abnormally elevated in the mutant and that inhibition of increased calcineurin
activity stabilizes GluA1 phosphorylation, promoting synaptic trafficking of Ca(2+)-permeable a-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA) receptors, contributing to the recovery of impaired HSP found in the
mutant. Because HSP is suggested to have roles during learning and memory formation, increased calcineurin
activity-induced impairment of HSP can cause cognitive decline in FAD. Thus, reducing abnormally increased

Figure 14: Full-text view of the PubMed article with highlighted annotations

Authentication and Authorization: The access to SCAIView GUI and APl is secured with the OpenID
Connect (OIDC) authentication standard. Only authorize users can access, upload and modify their
corpora, documents and associated metadata. Furthermore, these services are also secured on the
transport level via Hypertext Transfer Protocol Secure (HTTPS) technique. Hence, SCAIView is capable
to offer a secured access to sensitive documents.

Stability and Up-to-dateness: \We are ensuring the reproducibility of our software deployment by
having all of our software compiled into images to be run in containers. Our services have transitioned
to the ‘kubernetes’ open-source platform allowing us to easily monitor and scale our applications as
needed. Document collections as well as ontology and terminology resources are continuously updated
in our SCAIView instance to bring literature and annotations up to date.
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Figure 15: SCAIView microservice architecture

The microservice-based system allows us to reuse parts for different purposes. Data itself can be easily
processed, shared and accessed. Additionally, the system allows us to realize FAIR (Findable, Accessible,
Interoperable, and Reusable) principles.

3. Conclusions

The wealth of medical data and scientific publications is constantly growing. Updating and managing
data that are collected on a regular basis poses a new challenge. Keeping the state of knowledge in
resources such as ontologies, terminologies and knowledge graphs continuously up to date is not trivial.
We developed strategies for updating and curation of our domain knowledge with continuously updated
high-quality content. We use software development tools as well as data mining and curation
approaches to ensure continuous integration of new knowledge and the fulfillment of FAIR data
principles.
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