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国家蛋白质科学中心（北京），又称凤凰中心，
是国家发展改革委员会批准立项的国家重大科
技基础设施之一。凤凰中心的生物信息平台致
力于为生命科学、特别是生命组学研究提供一
站式的大数据服务。包括： 
 

国家蛋白质科学中心（北京） 

• 数据获取与处理 

• 数据标准化、审编与注释 

• 数据管理与整合 

• 数据的分析、挖掘与展示 



Biomarker plays a core role in precision medicine 

Nat Rev Cancer. 2016 Aug;16(8):525-37 

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 

Nat Rev Cancer. 2016 Aug;16(8):525-37 



 



Non-commercial resources for biomarkers 

FDA databases & documents Guidelines Literature and literature-curated databases 



Approval statement of a biomarker test in FDA 

Approval for the DAKO Herceptest.  

 

This device is a semi-quantitative 
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. 
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Principles for biomarker knowledgebase 
construction 

• The FAIR data principles 
Findable, Accessible, Interoperable & Reusable 
 

• 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  



Biomarkers in existing ontologies 
IBO: Imaging Biomarker ontology 



Steps in MBO development 

• Knowledge collection 
• Biomarker information 

• Terminologies that are widely accepted by the community 

• Ontology design 
• Convert textual definitions into ontological definitions 

• Reuse classes and relationships in existing domain ontologies 

• Define new classes and relationships 

• 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.  

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

Widely accepted, but not ontologically correct 



What is a “characteristic”？ 

A characteristic = a characteristic of a material entity 

For instances,  

Blood glucose concentration, Presence of EGFR variants in tumor tissue 

 

BFO: material entity PATO: quality Has quality 
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UBERON: material 
anatomical entity 

Part of 

Part of 



Define “measure” 

BFO: material entity PATO: quality Has quality 

OBI: organism 

UBERON: material 
anatomical entity 

Part of 

Part of 
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IAO: Measurement 

datum 

Has specific output 

Derives from 

Has specific input 

Is quality measurement of 

OBI: Specimen 
collection process 
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Biomarker test 

Biomarker quality measurement 



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 

Material entity m “is a” “diagnostic biomarker” 

 m “has role” some “diagnostic biomarker role” 

(“measurement datum” “is quality measurement of” some (“quality of” some m)) “participates in” 
some “diagnostic process” Neuro-Oncology 20(9), 1162–1172, 2017  



It’s important to known which categories the 
biomarker belongs to 

Screening biomarker, a subclass 
of diagnostic biomarker that 
diagnosis disease before a 
person has any symptoms. 



Translate textual description into logic 
definition 

(“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”))) 

 

 

 

Approval for the DAKO Herceptest.  

 

This device is a semi-quantitative 
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. 
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MBO meets precision medicine: novel 
biomarker types 
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5-Protein signature (OVA1®) 
21-Gene signature (Oncotype DX®) 
70-Gene signature (Mammaprint®) 



Network biomarker 

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 
quality measurement” 
and “participates in” 
some “biomarker 
application process”))))) 



MBO meets precision medicine 

 

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

 

“Her2-receptor positive breast cancer” has Her2 as 
“diagnostic biomarker”. 
“Her2-receptor positive breast cancer” has poor 
prognosis. 
“Her2-receptor positive breast cancer” can be treated 
with anti-Her2 target therapy. 
 



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

 



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 MBO’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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