Designing an ontology for
Knowledge representation of
molecular biomarkers
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Biomarker plays a core role in precision medicine
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https://www.ncbi.nlm.nih.gov/pubmed/27388699

Patients with the same signs and symptoms can be
classified into new, specific taxa by molecular biomarkers
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...New Data Streams =

Enhancing & Perhaps Accelerating Clinical Trials...

Selection Biomarkers (Enabled by DNA Sequencing) for Enrolling
Patients in Clinical Trials Improves Probability of Success
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g Non-commercial resources for biomarkers

FDA databases & documents Guidelines Literature and literature-curated databases

List of Cleared or Approved Companion
Diagnostic Devices (|n Vitro and |mag|ng Too|s) Laboratory Medicine Practice Guidelines
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Approval for the DAKO Herceptest.

This device is a semi-guantitative
immunohistochemical assay to determine
HER2 overexpression in breast cancer tissues

routinely processed for histological evaluation.

HercepTest is indicated as an aid in the
assessment of patients for whom
HERCEPTIN(R)(Transtuzumab) treatment is
being considered.

Molecule

Approval statement of a biomarker test in FDA

Source
Disease
Biomarker
-
description
Therapy

Application



Principles for biomarker knowledgebase
construction

* The FAIR data principles

Findable, Accessible, Interoperable & Reusable

e Common understanding of biomarker between clinicians, biologists,
data scientists, and even the computational programs
* Explicit definition of biomarker-related concepts
» Relationships between concepts
* Use machine-interpretable language

* Facilitating reuse of domain knowledge & data



Q Biomarkers in existing ontologies

IBO: Imaging Biomarker ontology

YFilters

Term type
% Class

class

Ontologies

Filter by ontology
NCIT

EFO

CHEBI

ORDO

PR

HP

c0 0006080

Search results for biomarker

Previous Showing 1 to 10 of 265 results  Next

Biomarker

http://purl.obolibrary.org/obo/NCIT_C16342

A characteristic that can be objectively measured and serves as an indicator for normal biologic
processes, pathogenic processes, state of health or disease, the risk for disease development and/or
prognosis, or responsiveness to a particular therapeutic intervention.

Ontology: NCI Thesaurus OBO Edition

arker

http://purl.obolibrary.org/obo/CHEBI_59163

A substance used as an indicator of a biological state.
Ontology: Chemical Entities of Biological Interest

Also in:

Biomarker Analysis

http://purl.obolibrary.org/obo/NCIT_C63333

A method of biological assay that looks for the presence of unique molecules or sequences
considered indicative for a condition or state.
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Steps in MBO development

Knowledge collection
* Biomarker information
* Terminologies that are widely accepted by the community

Ontology design

e Convert textual definitions into ontological definitions
* Reuse classes and relationships in existing domain ontologies
* Define new classes and relationships

e Build up hierarchy & design pattern
* Basic Formal Ontology (BFO) as top level ontology

Formal representation of individual biomarker knowledge
* Ontology guided curation
* Assign MBO ID for each biomarker

Validation



Unambiguous definition of “biomarker”

A defined characteristic that is measured as an
indicator of normal biological processes,
pathogenic processes, or responses to an

exposure or intervention, including therapeutic
interventions.

Widely accepted, but not ontologically correct

https://www.ncbi.nlm.nih.gov/books/NBK326791/



What is a “characteristic” ?

A characteristic = a characteristic of a material entity
For instances,
Blood glucose concentration, Presence of EGFR variants in tumor tissue
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Define “measure”
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*
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Q Define “indicator of”

* In ChEBI, they define biomarker as a “role”
def. A substance used as an indicator of a biological state.

* In MBO, we use two distinct classes, “biomarker” & “biomarker role”

biomarker = def. “material entity” and (“has role” some “biomarker
role” )

A material entity can have different roles under different circumstances.
e.g. EGFR can have both “biomarker role” and “drug target role”.
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Classify biomarkers by their applications

Individuals
Data properties

Annotation properties Datatypes

Classes Object properties

¥ @ Thing

¥ entity

¥-- @ continuant

k- @ 'generically dependent continuant’
¥ @ 'independent continuant’
¥ 'material entity’

¥ 0 biomarker
v-- & 'biomarker of spcific application’
----- ‘diagnostic biomarker’
-----
----- ‘pharmacodynamic/response biomarker'
----- ‘predictive biomarker’
----- ‘prognostic biomarker
----- ‘safety biomarker’

----- ‘susceptibility frisk biomarker’
riy. 1 DIVINGIREIS dIUIY UIE GIIGEn GUiiiiuugin.

Class Annotations | Class Usage

Annotations -

lahel

manitaring biomarker

definition

A biomarker measured serially for assessing status of a disease or medical
condition or for evidence of exposure to (or effect of) a medical product ar an
environmental agent.

‘definition source’

FDA-MIH Biomarker Working Group. BEST (Biomarkers, Endpoint3, and other
Tools) Resource [Internet]. Silver Spring (MD): Food and Drug Administration
(L1S); 201 6-. Monitoring Biomarker. 2016 Dec 22. Available from: hitp s Jdiwww.nchi.
nim.nih.gowhooks/MEKA022832) Co-published by Mational Institutes of Health
(LIS), Bethesda (MD).

Material entity m “is a” “diagnostic biomarker”

m “has role” some “diagnostic biomarker role”

n”n (;

(“measurement datum” “is quality measurement of’ some (“quality of’ some m)) “participates in”
some “diagnostic process”

Neuro-Oncology 20(9), 1162-1172, 2017



't’s important to known which categories the
biomarker belongs to
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Screening biomarker, a subclass
of diagnostic biomarker that
diagnosis disease before a
person has any symptoms.



definition
Approval for the DAKO Herceptest.

This device is a semi-guantitative
immunohistochemical assayv to determine
HER2 overexpression in breast cancer tissues

routinely processed for histological evaluation.

HercepTest is indicated as an aid in the
assessment of patients for whom
HERCEPTIN(R)(Transtuzumab) treatment is
being considered.

Translate textual description into logic

(“HER2 gene” and (“expressed in” some (“breast caner
cell“ and “part of’ some “breast cancer tissue” and “part
of” some human))) and “has role” some (“predictive
biomarker role” and “realized in” some (“biomarker
application of predicting therapy effect” and “is bout”
some (“breast cancer” and “is treated by substance” some
Herceptin®)) and (“has biomarker test” some “DAKO
Herceptest”)

DAKO Herceptest = def. (“subclass of’ some “FDA
approved biomarker test”) and (“has specific applicant”
only “Dako A/S”) and “subclass of’ some (“semi-
quantitative immunohistochemical assay ” and (“has
specific input” some “processed breast cancer tissue
specimen”) and (“has specific output” some (“expression
level” and “is quality measurement of” some “HER2

gene”)))




Hierarchy of MBO
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MBO meets precision medicine: novel
biomarker types

Omics data

Single biomarker
B .
m- ftenibiaseilhoe, Signature 5-Protein signature (OVA1°®)
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Network biomarker

Biomarkers Red: high ® o0
Green: low

Gene or molecule @
Interaction or edge

Network
biomarkers

DNB

Time point 1 Time point 2 Time point 3

Figure 1 Biomarkers, network biomarkers and dynamical network biomarkers. Biomarkers provide one dimensional information, while
network biomarkers provide two dimensional information by adding interactions. DNBs provide a three dimensional image of biomarker-biomarker
interactions by showing time-dependent stronger or weaker interactions among biomarkers in the network. DNB: Dynamical network biomarkers.

Wu et al. Clinical and Translational Medicine 2014, 3:16

“has composite” only
(“material entity” and
“participates in” only
(“subclass of’ some
(“network interaction
process (INO)” and “has
quality” some (“dynamic
network quality” and
(“has quality
measurement” some
(“dynamic network
guality measurement”
and “participates in”
some “biomarker
application process”)))))




MBO meets precision medicine
Human Disease Ontology

Summary Classes Properties Notes Mappings Widg

Her2 is both “predictive biomarker” &
—toTaeTe e “prognosis biomarker” for breast cancer

- breast cancer
+/- breast carcinoma
- breast granular cell tumor
breast large cell neuroendocrine carcinoma
breast lymphoma
breast malignant eccrine spiradenoma
breast malignant phyllodes tumor

Jump To:

breast myoepithelial neoplasm

breast sarcoma

“Her2-receptor positive breast cancer” has Her2 as

estrogen-receptor negative breast cancer
estrogen-receptor positive breast cancer

# Temale breast cancer “diagnostic biomarker”.

| Her2-receptor negative breast cancer “Her2-receptor positive breast cancer” has poor

| Her2-receptor positive breast cancer prognosis.
male breast cancer « " ”
malignant breast melanoma Her2-receptor positive breast cancer” can be treated
progesterone-receptor negative breast cancer with anti-Her?2 ta rget thera py.

progesterone-receptor positive breast cancer
triple-receptor negative breast cancer




MBO meets precision medicine: interoperation
with knowledge and ontologies from other
domains
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Summary

* Achievements
* A semantic model for biomarker knowledge representation
* Many terms in MBO can be reused in a universal description of biomarkers

* Ongoing work
* Adding biomarker instances to MBO, making it a knowledgebase for omics data annotation
* Refine MBOQO’s design pattern

* Intended use of MBO
* Database schema design, biocuration and data integration
* Database query (using SPALQL language)
* Text mining (with accurate and comprehensive relationship definitions)
* Reasoning and inference new biomarker knowledge
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and create relations between terms in different ontologies, review and comment on ontologies and their components as you browse
based project, provide comments on ontologies or add ontology mappings.

Search all ontologies Find an ontology
Advanced Search Browise Ontologies >
|— Ontology Visits (October 2018) —‘ r Latest Notes ‘

http://medportal.bmicc.cn/

“OntoAnimals

a set of tools for bioontology

@ &
Ontobee Ontofox

UNIVERSITY OF MICHIGAN (Bmizc

http://ontoanimals.bmicc.cn/



