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OverviewOverview

An exampleAn example
Three types of resources for mining biomedical textThree types of resources for mining biomedical text

Lexical resourcesLexical resources
SPECIALIST LexiconSPECIALIST Lexicon
Lexical ToolsLexical Tools

Terminological resourcesTerminological resources
UMLS MetathesaurusUMLS Metathesaurus
MetaMap, MTIMetaMap, MTI

Ontological resourcesOntological resources
UMLS Semantic NetworkUMLS Semantic Network
SemRepSemRep

Application: Application: Semantic MedlineSemantic Medline



An example

Neurofibromatosis 2
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Neurofibromatosis type 2 (NF2) is often not 
recognised as a distinct entity from peripheral 
neurofibromatosis. NF2 is a predominantly 
intracranial condition whose hallmark is bilateral 
vestibular schwannomas. NF2 results from a 
mutation in the gene named merlin, located on 
chromosome 22.

[[UppalUppal, S., and A. P. , S., and A. P. CoatesworthCoatesworth. . ““Neurofibromatosis Type 2.Neurofibromatosis Type 2.”” IntInt J J 
ClinClin PractPract, 57, no. 8, 2003, pp. 698, 57, no. 8, 2003, pp. 698--703.]703.]

Neurofibromatosis 2Neurofibromatosis 2
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Neurofibromatosis type 2 (NF2) is often not 
recognised as a distinct entity from peripheral 
neurofibromatosis. NF2 is a predominantly 
intracranial condition whose hallmark is bilateral 
vestibular schwannomas. NF2 results from a 
mutation in the gene named merlin, located on 
chromosome 22.

Entity recognitionEntity recognition

missed partial ambiguous

Lexical resources Ontologies
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Neurofibromatosis type 2 (NF2) is often not 
recognised as a distinct entity from peripheral 
neurofibromatosis. NF2 is a predominantly 
intracranial condition whose hallmark is bilateral 
vestibular schwannomas. NF2 results from a 
mutation in the gene named merlin, located on 
chromosome 22.

Relation extractionRelation extraction

• vestibular schwannomas manifestation of neurofibromatosis 2
• neurofibromatosis 2 associated with mutation of NF2 gene
• NF2 gene located on chromosome 22

Ontologies



NLM resources for mining
biomedical text
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Types of resourcesTypes of resources

Lexical resourcesLexical resources
Collections of lexical itemsCollections of lexical items
Additional informationAdditional information

Part of speechPart of speech
Spelling variantsSpelling variants

Useful for Useful for entity entity 
recognitionrecognition

UMLS SPECIALIST UMLS SPECIALIST 
Lexicon, Lexicon, WordNetWordNet

Ontological resourcesOntological resources
Collections ofCollections of

kinds of entities kinds of entities 
(substances, qualities, (substances, qualities, 
processes)processes)
relations among themrelations among them

Useful for Useful for relation relation 
extractionextraction

UMLS Semantic Network, UMLS Semantic Network, 
SNOMED CTSNOMED CT
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Unified Medical Language SystemUnified Medical Language System

SPECIALIST LexiconSPECIALIST Lexicon
200,000 lexical items200,000 lexical items
Part of speech and variant informationPart of speech and variant information

MetathesaurusMetathesaurus
5M names from over 100 terminologies5M names from over 100 terminologies
1.5M concepts1.5M concepts
16M relations16M relations

Semantic NetworkSemantic Network
135 high135 high--level categorieslevel categories
7000 relations among them7000 relations among them

Lexical
resources

Ontological
resources

Terminological
resources



Lexical resources

http://umlslex.nlm.nih.gov/

SPECIALIST
Lexicon

SPECIALIST
Lexicon •Lexical tools•Lexical tools

http://umlslex.nlm.nih.gov/
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SPECIALIST LexiconSPECIALIST Lexicon

ContentContent
English lexiconEnglish lexicon
Many words from the biomedical domainMany words from the biomedical domain

200,000+ lexical items200,000+ lexical items
Word propertiesWord properties

morphologymorphology
orthographyorthography
syntaxsyntax

Used by the lexical toolsUsed by the lexical tools

{
base=hemoglobin (base form)
spelling_variant=haemoglobin
entry=E0031208 (identifier)
cat=noun (part of speech)
variants=uncount (no plural)
variants=reg (plural: hemoglobins , haemoglobins)

}

{
base=hemoglobin (base form)
spelling_variant=haemoglobin
entry=E0031208 (identifier)
cat=noun (part of speech)
variants=uncount (no plural)
variants=reg (plural: hemoglobins , haemoglobins)

}
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Lexical toolsLexical tools

To manage lexical variation in biomedical To manage lexical variation in biomedical 
terminologiesterminologies
Major toolsMajor tools

NormalizationNormalization
IndexesIndexes
Lexical Variant Generation program (Lexical Variant Generation program (lvglvg))

Based on the SPECIALIST LexiconBased on the SPECIALIST Lexicon
Used by noun phrase extractors, search enginesUsed by noun phrase extractors, search engines



Terminological resources

http://ii.nlm.nih.gov/
http://www.nlm.nih.gov/

research/umls/

UMLS
Metathesaurus

UMLS
Metathesaurus

•MetaMap
•Medical Text
Indexer (MTI)

•MetaMap
•Medical Text
Indexer (MTI)
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Source VocabulariesSource Vocabularies

143 source vocabularies143 source vocabularies
17 languages17 languages

Broad coverage of biomedicineBroad coverage of biomedicine
5.9M names5.9M names
1.4M concepts1.4M concepts
16M relations16M relations

Common presentationCommon presentation

(2007AB)
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Organize termsOrganize terms

Synonymous terms clustered into a conceptSynonymous terms clustered into a concept
Preferred termPreferred term
Unique identifier (CUI)Unique identifier (CUI)

Addison's disease

Addison Disease MeSH D000224
Primary hypoadrenalism MedDRA 10036696
Primary adrenocortical insufficiency ICD-10 E27.1
Addison's disease (disorder) SNOMED CT 363732003

C0001403
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Organize conceptsOrganize concepts

InterInter--concept concept 
relationships: hierarchies relationships: hierarchies 
from the source from the source 
vocabulariesvocabularies
Redundancy: multiple Redundancy: multiple 
pathspaths
One One graphgraph instead of instead of 
multiple multiple treestrees
(multiple inheritance)(multiple inheritance)

A

B D E H D E

B

G H

E F H

C

B C

A

E FD

G H
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Integrating subdomainsIntegrating subdomains

Biomedical
literature

Biomedical
literature

MeSH

Genome
annotations

Genome
annotations

GOModel
organisms

Model
organisms

NCBI
Taxonomy

Genetic
knowledge bases

Genetic
knowledge bases

OMIM

Clinical
repositories

Clinical
repositories

SNOMEDOther
subdomains

Other
subdomains

…

AnatomyAnatomy

UWDA

UMLS
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Neurofibromatosis type 2 (NF2) is often not 
recognised as a distinct entity from peripheral 
neurofibromatosis. NF2 is a predominantly 
intracranial condition whose hallmark is bilateral 
vestibular schwannomas. NF2 results from a 
mutation in the gene named merlin, located on 
chromosome 22.

MetaMapMetaMap

C0027832 C0027832

C0027831 C0027832

C0027859 C0027832

C0026882 C0254123

C0008665

Neurofibromin 2 MeSH
Merlin SNOMED CT
Schwannomin MeSH
Schwannomerlin NCI Thesaurus

C0254123

http://ii.nlm.nih.gov/
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Medical Text IndexerMedical Text Indexer

SemiSemi--automatic indexing of  MEDLINE citationsautomatic indexing of  MEDLINE citations
Suggest Suggest MeSHMeSH main headingsmain headings
Complement to manual indexingComplement to manual indexing
Integrated into the DCMS indexing environmentIntegrated into the DCMS indexing environment

Automatic indexing of collections not indexed Automatic indexing of collections not indexed 
previouslypreviously

http://ii.nlm.nih.gov/



Ontological resources

http://semanticnetwork.nlm.nih.gov/

UMLS
Semantic
Network

UMLS
Semantic
Network

•SemRep•SemRep

http://skr.nlm.nih.gov/

http://semanticnetwork.nlm.nih.gov/
http://skr.nlm.nih.gov/
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““Biologic FunctionBiologic Function”” hierarchy (isa)hierarchy (isa)

Biologic Function

Pathologic FunctionPhysiologic Function

Disease or
Syndrome

Cell or
Molecular

Dysfunction

Experimental
Model of
Disease

Organism
Function

Organ
or Tissue
Function

Cell
Function

Molecular
Function

Mental or
Behavioral

Dysfunction

Neoplastic
Process

Mental
Process

Genetic
Function
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Associative (nonAssociative (non--isa) relationshipsisa) relationships
Organism

process of

Embryonic
Structure

Anatomical
Abnormality

Congenital
Abnormality

Acquired
Abnormality

Fully Formed
Anatomical
Structure

Anatomical
Structure

part of

Organism
Attribute

property of

Body
Substance

contains,
produces

conceptual
part of

evaluation of

Body Systemconceptual
part of

part of

Body Part, Organ or
Organ Component

part of

Tissue

part of

Cell

part of

Cell
Component

Gene or
Genome

Body Space
or Junction

adjacent to

location of

location of

evaluation of
Finding

Laboratory  or
Test Result

Sign or
Symptom

Biologic
Function

Physiologic
Function

Pathologic
Function

Body Location
or Region

conceptual
part of

conceptual
part of

Injury or
Poisoning

disrupts

disrupts

co-occurs with



Heart

Concepts

Metathesaurus

22

225

97

4

12

9 31

Esophagus

Left Phrenic
Nerve

Heart
Valves

Fetal
Heart

Medias-
tinum

Saccular
Viscus

Angina
Pectoris

Cardiotonic
Agents

Tissue
Donors

Anatomical
Structure

Fully Formed
Anatomical

Structure
Embryonic
Structure

Body Part, Organ or
Organ Component Pharmacologic

Substance

Disease or
Syndrome

Population
Group

Semantic Types

Semantic
Network
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Relationships can inherit semanticsRelationships can inherit semantics

Semantic Network

Metathesaurus

Adrenal
Cortex

Adrenal
Cortical

hypofunction

Disease or Syndrome
Body Part, Organ,

or Organ Component

Pathologic Function
isa

Biologic Function

isa

Fully Formed
Anatomical 

Structure

isa

location of

location of
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Neurofibromatosis type 2 (NF2) is often not 
recognised as a distinct entity from peripheral 
neurofibromatosis. NF2 is a predominantly 
intracranial condition whose hallmark is bilateral 
vestibular schwannomas. NF2 results from a 
mutation in the gene named merlin, located on 
chromosome 22.

SemRepSemRep Relation extractionRelation extraction

C0027832 C0027832

C0027831 C0027832

C0027859 C0027832

C0026882 C0254123

C0008665

Neurofibromin 2
C0254123

Chromosomes, Human, Pair 22 
C0008665 

part of



NLM resources for mining
biomedical text in action

Semantic Medline
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Managing retrieval resultsManaging retrieval results

Information retrieval

summarization

Semantic Medline

breast cancer

Network of relations

retrieval

500 citations
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Managing retrieval resultsManaging retrieval results

breast cancer
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Structured
Biomedical

Data
UMLS

Semantic
Predications

SemRep

Informative
Graph

Visualize

Salient
Semantic

Predications

Summarize

Semantic Medline  Semantic Medline  OverviewOverview

Text

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery
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Structured
Biomedical

Data
UMLS

Semantic
Predications

SemRep

Informative
Graph

Visualize

Salient
Semantic

Predications

Summarize

Document selectionDocument selection

Text

MEDLINE
ClinicalTrials.gov

PubMedQuery “breast cancer”““breast cancerbreast cancer””
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Structured
Biomedical

Data
UMLS

Semantic
Predications

SemRep

Informative
Graph

Visualize

Salient
Semantic

Predications

Summarize

MEDLINE citationsMEDLINE citations

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery

Text
…… aromatasearomatase inhibitor provides inhibitor provides 
mortality benefit in early breast mortality benefit in early breast 
carcinomacarcinoma ……

……determined the spectrum and determined the spectrum and 
frequency of ATM frequency of ATM missensemissense
variants in 443 breast cancer variants in 443 breast cancer 
patientspatients ……
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Structured
Biomedical

Data

Informative
Graph

Visualize

Salient
Semantic

Predications

Summarize

Semantic Semantic intepretationintepretation

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery

UMLS

Semantic
Predications

SemRep

Text
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Semantic interpretationSemantic interpretation

... ... aromatase inhibitor provides mortality benefit in
early breast carcinoma ……

Aromatase Inhibitors Breast Carcinoma
treats

…… determined the spectrum and frequency of ATM 
missense variants in 443 breast cancer patients ……

ATM gene Breast Carcinoma
associated_with
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Structured
Biomedical

Data
UMLS

SemRep

Informative
Graph

Visualize

Salient
Semantic

Predications

Summarize

Semantic predicationsSemantic predications

Text

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery

Semantic
Predications

Aromatase Inhibitors Breast Carcinoma
treats

ATM gene Breast Carcinoma
associated_with

Tamoxifen Breast Carcinoma
treats

Tamoxifen Patients
treats

Breast Carcinoma Individual
process_of

… … …
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Structured
Biomedical

Data
UMLS

SemRep

Informative
Graph

Visualize

SummarizationSummarization

Text

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery

Salient
Semantic

Predications

Summarize

Semantic
Predications
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Abstraction summarizationAbstraction summarization

All
Predications

Reduction Salient
Predications

Specify a topicSpecify a topic
Retain predications on the topicRetain predications on the topic
Eliminate uninformative predicationsEliminate uninformative predications
Retain most frequent predicationsRetain most frequent predications
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Structured
Biomedical

Data
UMLS

SemRep

Informative
Graph

VisualizeSummarize

Salient semantic predicationsSalient semantic predications

Text

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery

Semantic
Predications

Salient
Semantic

Predications

Aromatase Inhibitors Breast Carcinoma
treats

ATM gene Breast Carcinoma
associated_with

Tamoxifen Breast Carcinoma
treats

Tamoxifen Patients
treats

Breast Carcinoma Individual
process_of

… … …
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Structured
Biomedical

Data
UMLS

SemRep Summarize

VisualizationVisualization

Text

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery

Semantic
Predications

Informative
Graph

Visualize

Salient
Semantic

Predications
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SemRep Summarize

Informative graphInformative graph

MEDLINE
ClinicalTrials.gov

PubMed
EssieQuery

Semantic
Predications

Visualize

Salient
Semantic

Predications

Structured
Biomedical

Data
UMLS

Text Informative
Graph

treats

associated_with

treats

Aromatase
InhibitorsTamoxifen

ATM gene

Breast 
Carcinoma



40Lister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical CommunicationsLister Hill National Center for Biomedical Communications

Semantic Medline  Semantic Medline  LiveLive
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