
Text-mining strategies to support 
computational research in chemical toxicity

Nancy Baker
Leidos, contractor to US EPA

ACS National Meeting, San Francisco
April 4, 2017

DISCLAIMER: The views expressed in this presentation are those of the presenter and do not necessarily 
reflect the views or policies of the U.S. Environmental Protection Agency. 



Acknowledgements

• Tom Knudsen
• Kevin Crofton
• Antony Williams
• EPA’s National Center for 

Computational Toxicology (NCCT)



Goal today

• Literature informatics in a scientific organization
• Five years of experience at NCCT

• Outline
• Context, definitions, and motivation
• Our work



Why literature informatics?

• Use the literature more effectively
• Find things you couldn’t find otherwise
• Fun



Approaches to Textual Information

Reading Curation Computer-assisted 
curation

Indexing and article 
retrieval

Text-
mining

Literature Informatics



Approaches to Text

Reading Text-
mining

Literature Informatics
PubMed 
Abstract Sifter

Extraction of 
chemical 
properties 
from patents

High-
throughput 
Text Mining 
(HTTM) : 
EPA LitDBWe’re presenting more of this work in other sessions! 



Text-mining
My definition: turning unstructured 

text into structured data
AND 

Using that data to answer a question

Why?

Read it.

Integrate it
Measure it
Formalize it
Analyze it
Compare it
Visualize it



First steps – analyze the needs

• Let’s talk about our needs at the 
National Center for 
Computational Toxicology

• In response to NRC “Toxicity 
Testing in the 21st Century” 

• screen large sets of chemicals 
using in vitro assay  with the goal 
of improving toxicity testing and 
prioritizing for testing the 
thousands of chemicals in 
commerce

• ToxCast and Tox21
Richard AM, Judson RS, Houck KA, et al. ToxCast Chemical 
Landscape: Paving the Road to 21st Century Toxicology. 
Chemical research in toxicology. 2016;29(8):1225-1251.



Text-mining requirements – sample questions

• These 700 chemicals are all hits in this assay.  What do these 
chemicals do?

• Generate a list of 30 chemicals that are kidney toxicants … 
• What chemicals are described as 5-alpha reductase inhibitors in the 

literature?
• What genes are associated with this list of chemicals that cause liver 

cancer?
• What are the genes and proteins involved in the development of the 

embryonic heart?

Over 5 years … more than 150 such questions … 



What we need – in a nutshell 

Chemical

Protein / 
gene

Disease

Context

• Species
• Life stage
• Type of observation
• When



Methods

• Corpus – PubMed
• Strategy – take advantage of MeSH terms 

assigned to articles by NLM annotators
• Turn these annotations into data 

N. C. Baker, B. M. Hemminger, Mining connections between chemicals, proteins, and diseases extracted from Medline annotations. J Biomed Inform 43, 510 (Aug, 2010).



MeSH indexing terms become data

National Library of 
Medicine Indexers 



Indexing terms  data 

PubMed ID MeSH heading Qualifier / subheading Major
topic?

Score

8240387 Hypothyroidism Chemically induced Y 2

8240387 Body Temperature Drug effects N 2

8240387 Thyroid Hormones Metabolism N 1

8240387 Thyroxine Blood N 1

We call this High-throughput text-mining (HTTM):  a few readouts per article,  but 
it adds up …

PubMed ID MeSH heading Qualifier / subheading Major topic?

8240387 Hexachlorobenzene Toxicity Y

Score 
reflects 
confidence.



Hexachlorobenzene –
1485 articles

Diseases Article 
Count

Porphyrias 184
Body Weight 87
Drug-Induced Liver Injury 36
Prenatal Exposure Delayed Effects 30
Disease Models, Animal 27
Skin Diseases 26
Liver Neoplasms, Experimental 22
Liver Diseases 21
Porphyria Cutanea Tarda 16
Liver Neoplasms 14
Birth Weight 12
Breast Neoplasms 11
Neoplasms, Experimental 10
Cocarcinogenesis 8
Precancerous Conditions 7
Carcinoma, Hepatocellular 6
Neoplasms 6
Overweight 5
Lead Poisoning 5
Malaria 5
Porphyrias, Hepatic 5
Occupational Diseases 5
Obesity 5
Thyroid Diseases 5
Abnormalities, Drug-Induced 5
Weight Gain 5
Abortion, Spontaneous 5
Foodborne Diseases 4
Testicular Neoplasms 4
Fetal Death 3
Respiratory Tract Infections 3

Anatomy Terms Article 
Count

Liver 286
Adipose Tissue 124
Milk, Human 74
Microsomes, Liver 67
Feces 45
Kidney 39
Milk 27
Thyroid Gland 23
Skin 23
Brain 22
Lung 21
Fetal Blood 20
Muscles 19
Spleen 19
Mitochondria, Liver 17
Fetus 14
Bile 14
Ovary 12
Ovum 11
Chick Embryo 11
Placenta 11
T-Lymphocytes 11
Macrophages 10
Erythrocytes 10
Thymus Gland 9
Intestines 9
Lymph Nodes 8
Myocardium 8

Biological processes Article 
Count

Organ Size 73
Body Weight 62
Enzyme Induction 36
Reproduction 17
Immunity 11
Birth Weight 6
Oxygen Consumption 5
Phagocytosis 5
Overweight 5
Motor Activity 4
Weight Gain 4
Cell Proliferation 4
Oxidative Stress 4
Oxidative Phosphorylation 4
Phosphorylation 4
Gluconeogenesis 4
Fertility 4
Apoptosis 4
Child Development 3
Obesity 3
Homeostasis 3
Lipid Peroxidation 3
Gene Expression 3

348 biological processes

185 Anatomical terms180 Diseases / conditions

Protein / gene Article 
Count

Cytochrome P-450 Enzyme System 81
Uroporphyrinogen Decarboxylase 54
Carboxy-Lyases 39
Cytochrome P-450 CYP1A1 24
5-Aminolevulinate Synthetase 21
porphyrinogen carboxy-lyase 18
Glutathione 17
Thyroxine 16
Mixed Function Oxygenases 15
Aryl Hydrocarbon Hydroxylases 15
Receptors, Aryl Hydrocarbon 15
Glutathione Transferase 12
Oxygenases 11
Aminolevulinic Acid 11
Aminopyrine N-Demethylase 11
Triiodothyronine 11
Immunoglobulin M 11
Ferrochelatase 9
Immunoglobulin G 9
Receptors, Estrogen 8
Aniline Hydroxylase 8
7-Alkoxycoumarin O-Dealkylase 8
gamma-Glutamyltransferase 8
Alanine Transaminase 6

269 Proteins / genes



How big is the data?
• 26 million articles in PubMed
• 12+ million articles have chemical annotations  
• 200 million MeSH annotations
• Growth rate: 1 million / month
• ~238K chemicals 
• ~141K small molecule chemicals



How we use the data

• Simple queries – simple lists – binary relationships

Chemical

Protein / 
gene

Disease

Context

• Species
• Life stage
• Type of observation
• When



Example 1.

Chemical

Protein / 
gene

Disease



Example 2.

Chemical

Protein / 
gene

Disease



• What chemicals 
are associated with 
kidney toxicity?



Relationships 
in context

Chemical

Protein / 
gene

Disease



Text-mining for inference

• In earlier examples, somebody wrote it down. But what about when 
people haven’t written it down?

• Don Swanson – undiscovered public knowledge
• Inference for hypothesis generation

Swanson DR. Fish oil, Raynaud's syndrome, and undiscovered public knowledge. 
Perspectives in biology and medicine. 1986;30(1):7-18.



Thyroid disruptors – very complex pathway
• If we could pull together observations on different species, we may have insight into 

what chemicals are true thyroid disruptors. 

• Evidence

• Over many years 
• Over wide variety of disciplines
• Collected for many different reasons

• Mining that undiscovered public knowledge



Thyroid disruption – the inference famework



If a chemical is associated with changes in 
amphibian metamorphoses …

Inference process



If a chemical is associated with changes in 
amphibian metamorphoses

AND

If the same chemical is associated with 
thyroid activity in mammals …



If a chemical is associated with changes in 
amphibian metamorphoses

AND

If the same chemical is associated with 
thyroid activity in mammals 

AND

If the same chemical is associated with 
energy / cognition effects in humans …

MAYBE

It is a thyroid pathway disruptor.



Review the goals 

• Use the literature more effectively
• Find things you couldn’t find otherwise
• Fun
• People are asking questions they wouldn’t have asked before.



Thank you!
… and if you want to hear more
• Tony Williams: EPA CompTox chemistry dashboard: An online 

resource for environmental chemists
• Division of Chemical Health and Safety
• Tuesday, April 4, 3:05-3:30 PM

• Drug repurposing: A bibliometric analysis by text-mining PubMed
• Division of the History of Chemistry
• Wednesday, April 5, 10:15, session from 8:30 – 11:45

• Supporting Read-across predictions of chemical toxicity using high-
throughput text-mining

• Division of Environmental Chemistry
• Thursday, April 6, 10:50 (session from 8 – 12)
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