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Text mining – why do it?
Unstructured Structured

Text data
Chemical Gene Amount

Corticosterone NR3C1 416

Tretinoin RARA 397

Mifepristone NR3C1 260

Fenofibrate PPARA 189

Estradiol EGFR 119

Tretinoin RARG 111

Tamoxifen EGFR 96

Tretinoin EGFR 86

Triamcinolone NR3C1 83

Lovastatin LDLR 65

Estradiol NR3C1 60

Estradiol MMP9 54

Genistein EGFR 50

Phenobarbital NR1I3 48

• Integrate
• Analyze
• Cluster
• Model
• Infer
• Visualize
• Discover
• Deal with Error / noise / bias



Anatomy of a PubMed record

MeSH
Indexing 
annotations



MeSH
• Medical Subject Headings
• Not designed to be used as data … but that’s what many people do. 
• But like data they are a controlled vocabulary

Chemical
Disease or condition caused by chemical

Effect from chemical

Format:  Heading  / subheading 

https://www.nlm.nih.gov/mesh/MBrowser.html

https://www.nlm.nih.gov/mesh/MBrowser.html


Indexing terms  data 
PubMed ID MeSH heading Qualifier / subheading Majr

15907662 Chlorpyrifos Administration & dosage N

15907662 Chlorpyrifos Toxicity Y

15907662 Cleft Palate Chemically induced N

15907662 Fetal resorption Chemically induced N

15907662 Hernia, abdominal Chemically induced N

15907662 Neural tube defects Chemically induced N

15907662 Organogenesis Drug effects Y

15907662 Polydactyly Chemically induced N

15907662 Spine Drug effects N

15907662 Mice

High-throughput text-mining:  a few readouts per article,  but it adds up …



Chlorpyrifos –
2174 articles

Disease List
Chemical Disease/condition PMID Count

Chlorpyrifos Behavior, Animal 84

Chlorpyrifos Motor Activity 60

Chlorpyrifos Body Weight 42

Chlorpyrifos Maze Learning 21

Chlorpyrifos Cognition 14

Chlorpyrifos Nervous System Diseases 13

Chlorpyrifos Prenatal Exposure Delayed Effects 12

Chlorpyrifos Memory 11

Chlorpyrifos Reaction Time 10

Chlorpyrifos Peripheral Nervous System Diseases 10

Chlorpyrifos Psychomotor Performance 8

Chlorpyrifos Occupational Diseases 7

Chlorpyrifos Cognition Disorders 7

Chlorpyrifos Agricultural Workers' Diseases 7

Chlorpyrifos Hypothermia 7

Chlorpyrifos Learning 7

Chlorpyrifos Cat Diseases 6

Chlorpyrifos Weight Gain 6

Chlorpyrifos Reflex, Startle 5

Chlorpyrifos Space Perception 5

Chlorpyrifos Memory, Short-Term 5

Chlorpyrifos Cattle Diseases 5

Chlorpyrifos Fever 5

Chlorpyrifos Feeding Behavior 5

Chlorpyrifos Attention 4

Chlorpyrifos Avoidance Learning 4

Chlorpyrifos Memory Disorders 4

Chlorpyrifos Impulsive Behavior 4

Chlorpyrifos Visual Perception 4

Protein / gene List
Protein / gene PMID 

Count

Acetylcholinesterase 488

Cholinesterases 465

Receptors, Muscarinic 57

Esterases 47

Aryldialkylphosphatase 47

Cytochrome P-450 Enzyme System 42

Glutathione Transferase 37

Carboxylesterase 35

Carboxylic Ester Hydrolases 35

Butyrylcholinesterase 33

Superoxide Dismutase 30

Catalase 29

Glutathione 24

Enzymes 23

Receptors, Nicotinic 19

Recombinant Proteins 19

Isoenzymes 17

Glutathione Peroxidase 16

Nerve Tissue Proteins 16

Choline O-Acetyltransferase 15

PON1 protein, human 15

Adenylate Cyclase 15

Enzymes, Immobilized 13

neurotoxic esterase 13

Oxidoreductases 13

Cytochrome P-450 CYP3A 12

L-Lactate Dehydrogenase 12

Glycine 12

glyphosate 12

Membrane Transport Proteins 10

CYP3A4 protein, human 10

Proteins 10

Receptors, Cholinergic 10



The numbers (approximately)
• 24 million articles in PubMed
• 12 million articles have chemical annotations  
• 190 million MeSH annotations
• 12 million annotations are my additions
• Growth

• 1 million annotations / month
• More next year

Lots of it!!!



So we have lots of data … 
what can we do  with it?

• Delivery forms
• Dashboard – for basic information delivery
• E-libraries – for very specific computationally intensive problems

Genes / 
proteins

Chemicals
Diseases / 

abnormalities
/ processes

And in what context:
• Species
• Life stage 



Relationship:   
chemical – protein



Relationship:  chemical – disease or condition



Examples



Disease and protein



Literature signal at a high level over several 
toxicity types



Integration: ToxCast and literature



Integration: ToxCast and chemical structure as chemotypes

In this figure: chemicals that 
cause cleft palate and have 
ToxCast results in the form of 
gene scores (summarized by 
gene and burst-adjusted)

The chemicals were clustered 
based on their ToxCast scores 
and structure.  The hypothesis: 
chemicals that cluster together 
cause cleft palate through a 
similar mechanism.



Summary

• Literature mining can be used to investigate the retinoid system on 
several levels from several angles

• Integration possible
• ToxCast and literature
• ToxCast and chemical structure
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