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Stem cells and RM are new trends for Human Medicine  

pluripotent 

stem cells 

differentiation 

Heart diseases 

Joint injury 

History of  Human Medicine 

1)drug therapy  2)surgical treatment  3)regenerative medicine  

Diabetes 

Neurological 

diseases 

functional 

 cells 

transplant 

 Stem Cell and Regenerative Medicine (1/2) 



 Since 2000,  the research achievements of  stem cells and RM have been 

selected 11 times world's ten largest S&T breakthrough in Science magazine. 

 In 2012, Prof. Yamanaka of  Kyoto University and Prof. John Gordon of  

Cambridge University  won the Nobel prize in physiology and medicine  for 

the research about stem cells and RM. 

 In 2016,  “Organ Repair and Reconstruction (applications of  Stem Cell) ” was 

chosen as one of  60 major breakthroughs of  Chinese Academy of  Sciences’  

13th Five-Year Plan.   

 In 2018, CAS launched  an Informationization Special Project of  “E-Science 

Application for Knowledge Discovery in Stem Cells” to support the stem cells 

and RM Strategic Leading STI Program. 
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研究内容 

Stem Cell Knowledge Graph 

Knowledge Computing 

Stem Cell Subject 

Knowledge Discovery 
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Database: extracting, fusing 

and linking knowledge entities 

from multi heterogeneous data 

sources by KG 

Data Analysis: a 

bioinformatics computing 

platform for big data based on 

Galaxy 

Application: profiling subject 

S&T structures, mining 

research fronts, detecting 

emerging topics, analyze key 

technologies and trends , and 

technology foresight etc.   

 Overview of  the Project  
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 We are surrounded by entities, which are connected by relations. 

So we need a structured and formal representation of  knowledge

. KG are a natural way to represent entities and their relationship 

and can be managed efficiently. 

What is Knowledge Graph (1/2) 

http://www.w3.org/TR/2014/NOTE-rdf11-primer-20140225/example-graph.jpg 

 KG is derived from semantic 

web and was formally  

   proposed by  Google in 2012. 



 KG Uses a knowledge representation formalism (e.g.,RDF, 

Subject-Predicate-Object SPO triples) to implement semantic 

descriptions of  entities and their relationships.  

 Entities: real world objects (e.g., ACTB gene, CD34 positive cell, Zebrafish) 

and concepts (e.g., gene, cell, lab aminal) 

 Relationships: descript relations among entities with a well defined meaning 

(e.g., TREATS) 

 

 

What is Knowledge Graph (2/2) 
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Heterogeneous data  of  stem cell KG 

Entities 

Data sources: 

http://www.bindingdb.org/bind/index.jsp
http://www.genenames.org/


Basic Data 

More than 400,000 records,  from 12 kinds 

of S&T information such as patents, 

papers, etc. 

Knowledge Entities 

From the perspectives of scientific 

instruments, lab animals, methods, cells, 

organs, diseases, genes,  mining 20,000+ 

knowledge entities. 

Relationship 

Based on SPO, more than 2,000,000 

linkages and relationship. 

Output Profiling 

Profiling the S&T outputs for institutions, 

scientists and topics. 

Overview of  stem cell KG 



 Literatures - Literatures 

 citation, output, co-author, co-topics, co-keywords, etc.   

 Literatures – Knowledge entities 

 useMethod, utilizeInstrument, useAnimal, cureDisease … 

 Knowledge entities – Knowledge entities 

 ISA, AFFECTS, CAUSES, COMPLICATES, CONVERTS_TO, 

DIAGNOSES, LOCATION_OF, PREVENTS, STIMULATES, 

TREATS, … (from UMLS Semantic Network ) 

 Bind, Pathway, hasGO, hassideffect, hassubstructure, …(from other 

Ontology) 

 

 The Relationship in  stem cell KG 



SPO 1 

SemRep 

SPO 2 SPO 3 

SPO 4 SPO 5 SPO N 

SPO Semantic Networks 

MetaMap 

Content of Literatures and Data 

 SPO triples consists of  a Subject 

argument (noun phrase), an object 

argument (noun phrase), and the 

relation that binds them (verb 

phrase)  

 Metamap: a tool for mapping free 

keywords to UMLS concepts. 

 SemRep: a semantic SPO  triples 

extraction tool for biomedical 

literature based on UMLS and 

MetaMap. 

 Entities and relationship based on SPO triples 

 



Subject Relation Object 

Concept in UMLS 

Semantic relations 
in UMLS semantic 

network 
Concept in UMLS 

Hemofiltration-TREATS- Digoxin overdose  

Hemofiltration Digoxin overdose 

Disease Anatomical elements 

“We used hemofiltration to treat a 

patient with digoxin overdose that 

was complicated by refractory 

hyperkalemia.” 

1.Hemofiltration-TREATS-Patients  

2.Digoxin overdose-PROCESS_OF-Patients  

3.hyperkalemia-COMPLICATES-Digoxin overdose  

4. Hemofiltration-TREATS(INFER)-Digoxin overdose 
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SPO triple sample 
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 Knowledges Entities in  stem cell KG 
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released  at the 11th Guangzhou International Conference on Stem 

Cell and Regenerative Medicine 
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 Objective 

 Discover popular diseases and latent relations of  diseases  in 

hematopoietic stem cell (HSC) using a hybrid approach combining text 

mining (KG) and scientometrics indicators.  

 Method 

 1. Construct SPO Semantic Network from stem cell KG (papers ) 

 2. Detect Community  from the SPO network 

 3. Discover popular diseases and latent relations in HSC 

 

 

 

 

Discover popular diseases and novel relationship 



Construct SPO Semantic Network(1/2) 

 HSC papers and the corresponding SPO predications of  each 

paper are retrieved from the stem cell KG from 2009-2018, which 

include 9, 576 research articles and 78, 249 SPO predications.  

 Then, SPO triples are cleaned by term clumping process which 

includes general cleaning and pruning sub-processes. General 

cleaning will remove some common academic/scientific subjects 

or objects such as “cells,” “organ”. Some predicates such as 

“LOCATION_OF,” “PART_OF” that reflect hierarchy or position 

relationship and are meaningless for mining the relations of  

diseases will also be removed. The pruning process helps with 

further cleaning by discarding the very low frequency subjects, 

predicates, objects or SPO.  

 

 Entities: real world objects (e.g., ACTB gene, CD34 positive cell, Zebrafish) 

and concepts (e.g., gene, cell, lab aminal) 

 Relationships: descript relations among entities with a well defined meaning 

(e.g., TREATS) 

 

 



Construct SPO Semantic Network(1/2) 

Predication_name Predication_type 

AFFECTS Function（功能） 

AUGMENTS Effect（效果） 

CAUSES Effect（效果） 

COMPLICATES Function（功能） 

DIAGNOSES Function（功能） 

different_than Effect（效果） 

DISRUPTS Function（功能） 

higher_than Effect（效果） 

INHIBITS Function（功能） 

lower_than Effect（效果） 

PREVENTS Function（功能） 

STIMULATES Function（功能） 

TREATS Cure(治疗) 



Detect Community  based on Guided Local Search 



Subject and Object communities of  effect group  



Subject and Object communities of  cure group  



Top 10 popular diseases and latent relations in HSC 

 According to the communities 

detected, some popular diseases and 

latent relations are discovered. The 

left in figure  show the popular 

diseases and the right show some 

entities related to these diseases. The 

linkages between them are two types 

of  relations, Effect and Cure.  Some 

strong linkages are colored with red 

or deep blue, which show that the 

entities are very close to the 

corresponding diseases.  

 Some latent relations can also be found by knowledge inference. For 

example, “Protein-tyrosine kinase inhibitor” has strong Cure relation with 

“leukemia”, “kidney disease”, and “Somatic mutations” has strong Effect 

relation with “neoplasm” and “neurodegenerative diseases. 

 



 KG can link, integrate and fuse heterogeneous data from 

multiple sources with more details in a simple manner, which can 

support more effective biomedical knowledge discovery. 

 The stem cell KG can help to effectively and accurately discover 

the popular diseases and latent relations in HSC, which are 

conducive to new knowledge discovery and inspire innovation in 

HSC.  

 Further, we will conduct a comprehensive analysis from papers, 

patents and CT. 

 

 

Summary 



Thank you for attention! 

huzy@clas.ac.cn 


