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From Text to Relations

“Axin binds beta-catenin and inhibits GSK-3beta activity in hepatocytes.”
‘ NLP: semantic triplets

AXIn binds beta-catenin
AXiIn inhibits GSK-3beta activity

l Extracting relations

Axin - beta-cateni n, relation: Binding

Axin -> GSK-3beta, relation: Requlation
effect. Negative
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MedScan Overview

Semantic Indexing

Dictionaries Lexicon

Patterns Grammar |E Patterns

Information extraction:
pattern-based

Entity
recognition

ConceptScan: NLP
processing

Tagged sentences Semantic triplets Extracted relations
A phosphorylates B Ph
A is B kinase A > B
A catalyzes B phosphorylation
B contains A phosphorylation site
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Entity Recognition

A starting point of semantic text processing...

Entity type Count

Proteins 135,000

Prot. Classes 7,200 _ _ o
9856820:8 Therefore, in ID{10000000,11009418=AD patients} with high

Cell components 1,300 ID{3497=IgE} levels, type 2 ID{12105125=cytokine} (ID{3565=IL-4} and
ID{3596=IL-13}) expression is associated with ID{3497=IgE} production, in

Cell processes 6,800 both ID{17000001=CD4+ CD45R0O+ T cell} and ID{17000002=CD8+
CD45RO+ T cell subsets}

Diseases 6,800

Small Molecules 286,000 “Compositional” (Immune Cells)

Tissues 280

Cell types 190 .

S » » Pattern-based (chromosome positions)

rgans . . . . .

» Derivational (antibodies, siRNA)

Cell lines 2,500

Dictionary-based
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Semantic Search

Semantic Search uses semantics, or the science of
meaning in language, to produce highly relevant search
results. The goal is to deliver the information queried by a
user rather than have a user sort through a list of loosely
related keyword results.

Semantic search enables:

* Indexing of text by relations, not words
« Understanding user intent from a query
* Retrieval of structured knowledge from free text
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PubMed Triplet Statistics

o 70M triplets with at least one entity from entire Medline

— 50M with one entity

— 20M with both left and right entities

 Most abundant triplets by left and right entity types and most
frequent relations (“is” relation is excluded)

Left Right Count Relation
Protein Protein 1,510,560 | induce, activate, mediate, inhibit, increase, stimulate, bind, associate, regulate,
Disease Disease 1,434,916 | cause, associate, had, occur, induce, result, compare, develop, include, present
SmallMol SmallMol 1,357,030 | increase, induce, inhibit, decrease, reduce, contain, stimulate, result, produce
Cells Protein 990,814 | express, produce, detect, contain, secrete, found, increase, measure, induce, show
SmallMol Disease 891,644 | induce, treat, reduce, cause, increase, produce, effective, inhibit, prevent, decrease
SmallMol Protein 885,518 | induce, inhibit, increase, stimulate, activate, decrease, reduce, cause, result, block
SmallMol Cells 808,075 | induce, treat, increase, inhibit, reduce, cause, decrease, expose, incubate, produce
Cells Disease 792,339 | induce, cause, show, associate, had, characterize, result, play, reveal, increase
Protein Cells 736,005 | induce, present, increase, specific, play, mediate, treat, stimulate, activate, inhibit
Disease Cells 687,817 | involve, occur, obtain, had, increase, associate, result, affect, cause, measure
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Quertle - Search Engine
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Indexing Materials and Methods

Outline: Customization project with Elsevier to index
3 biological journals for last 5 years

— Detect materials and methods sections in full-text papers

— Detect “usual” biological entities (cellular processes, proteins,
small molecules, cells, etc.)

— Develop ontology of biological methods

— Semantics: relationships between biological concepts
(proteins, organelles, cells) and appropriate methods
(isolation, cloning, assays, antibodies, etc.)

Results:
— Novel application of semantic search
— Sensitive detection of relevant method sections

© 2010 Ariadne. All Rights Reserved.



Materials and Methods
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Semantic Triplets

A phosphorylates B

A is B kinase
A catalyzes
B contains

B phosphorylation
A phosphorylation site

From Text to Pathways

Extracted Relations

) A g

Semantic triplets can be further compressed into entity relations

Compression requires an ontology of relations (data model)

Ontological relations formally represent knowledge about
entities and can be stored in a knowledge base

Each relation preserves original references (sentences)

Exploring these relations is an ultimate way of searching the text
but is limited to the data model
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Graphical Knowledge Search

PKD1 protein
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Relationship Types

Toxicities induced by drug

“Diabetes was induced by streptozocin”
(4211 references)

Drug indications

“The antiestrogen tamoxifen is effective in therapy for breast cancer”
(163 references)

Drug targets

“XO can be inhibited by allopurinol”
(537references)

Drug metabolizing enzymes

“Glucuronidation of morphine in humans is predominantly catalyzed
by UDP-glucuronosyltransferase 2B7 (UGT2B7)”
(537references)

Each relation contains collection of references
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Relations Statistics

Protein relationships: 715,000

Entities Relations
Entity type Count Relation type Count
Small molecules 1,220 Expression 106,289
Proteins 16,005 Regulation 437,437
Diseases 3.930 Mol. Transport 35,746
Cell processes 2.175 Direct regulation 19,673
Binding 49,707
Promoter binding 9,203
Prot modification 18,789
Entities Relations
Entity type Count Relation type Count
Small molecules 20,728 Expression 63,381
Proteins 9,091 Regulation 492,331
Diseases 4,479 Mol. Transport 1,766
Cell processes 1,866 Direct regulation 46,888
Binding 17,187
Metabolization 6,541
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Building Mechanistic Models

Cholestasis Pathway.

Hepatic uptake Synthesis Conjugation Secretion

Bile

Hepatocyte

Find secreted proteins downstream from proteins, po tential biomarkers and other regulatory
elements in cholestasis pathway
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Core Competencies of Ariadne

Converting unstructured text to structured
knowledge

Semantic integration of data to improve
Information flow, knowledge extraction and
enrichment.

Tools to build knowledgebase for different
biomedical domains

Software to support multiple roles and groups
across the enterprise.
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