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Large-scale biomedical data are available in the databases and scientific publications



Transcriptome data analysis/ 
transcriptome wide association studies

Metabolome-wide 
association studies

Epigenome-wide/ 
Methylome-wide  
association studies

Genome analysis/ genome-
wide association studies

Proteome-wide 
association studies

Integration of data obtained in the specific E/G/M/T/PWAS may be helpful for the comprehensive understanding of particular diseases 

mechanisms, and the methods for meta-analysis were proposed and described [Nan Wang, Shuilin Jin; Methods Mol. Biol., 2022]. 



Text and Data Mining Tools Can Help Researchers

Names of 
chemical 

compounds

Names of 
biological 

objects and 
activities

Associations

Machine learning Dictionaries Rules

Named entity recognition

Textome - is a comprehensive set of biological literature that contains useful information and provides retrieval new 
knowledge using bioinformatics, ML and AI.



A principal scheme of HIV-host interaction analysis

An analysis of 
HIV infection 
progression

velocity

Search for master 
regulators of the 
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The experimental 
validation of the 

developed 
approach
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HIV drug 

resistance and 
efficacy of 

ARVT 
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HIV-host web resource

http://www.way2drug.com/hiv-host/

Hiv-host includes: (1) information on extracted names of interacting HIV and human macromolecules; (2) models for predicting the efficacy of antiretroviral therapy; (3) a 
web service for predicting HIV drug resistance; (4) a specialised database on HIV sequences and viral load dynamics, immunograms of HIV-infected patients on specific 
antiretroviral therapy regimens; (5) a web resource for predicting drug synergies in inhibiting HIV replication.



Big data analysis of medical virology to find new effective and safe antiviral 
compounds and optimise therapy for infectious diseases

The aim of our study is to develop an in silico approach for the 
extracting knowledge about viruses and the host (the human body), 

and potential antiviral agents based on the mining of massive amounts 
of scientific publications



Publication databases Machine learning

Annotated corpora

Conditional random 
fields,
J. Lafferty et al., 2001

Naïve Bayes, 
O.Tarasova et al., 
2022

BioBERT, 
L. Weber et al., 2021

DrugProt, CHEMDNER

Associations and relations extraction

Regular expressions



Naïve Bayes approach for chemical and biological NER

Tarasova O. et al., Journal of Chemoinformatics, 2022

Fragments of texts

IAP (average), LOO CV

N-gram = 5 N-gram = 6

Context window = 0 0.86 0.96

Context window = 1 0.95 0.96



• CAS common chemistry API
• ChemSpider Web API
• PubChem PUG REST
• Manually

UniProt website REST API

Verification of recognized entities. Dictionaries

Chemical named entities Proteins and genes

- dictionaries can help to filter out some false positives of
chemical named entities and improve accuracy of
recognition;

- dictionaries can be efficiently used for recognition of
diseases and disorders

Diseases

Human Disease Ontology



Chemicals, ML + dictionary

Proteins,  ML + dictionary

Accuracy of named entity recognition

Diseases and disorders, ML + dictionary

Validation type Precision Recall F1-score

5-fold CV 0.89 0.83 0.86

Manual annotation, external test 0.84 0.79 0.81

5-fold CV 0.87 0.84 0.85

Manual annotation, external test 0.84 0.79 0.81

5-fold CV 0.84 0.79 0.81

Manual annotation, external test 0.80 0.76 0.78



Extraction of associations between entities 

1. Named entity recognition in the abstracts of relevant publications

ML-based selection of relevant publications; associations with /relations to a 
set of keywords characterising a set of publications belonging to a particular 
class

2. Rule-based approach using a set of pattern phrases

Identification of relationships in an abstract/full text or part thereof

3. Co-occurrences

Search for possible relationships that have not yet been investigated or 
shown in an experiment



Extraction of associations. Named entity recognition 
in the abstracts of relevant publications 

O.A. Tarasova et al., Molecules, 2020
R.M. Bonotto et al., Antiviral Res., 2023; Hashimoto R. et al., Mol Ther Nucleic Acids., 2021

The set of 
abstracts 
relevant to 
the scientific 
topic 

Example: The set of proteins involved in antiviral response against HIV-1 and SARS-
CoV-2



Gene set enrichement analysis based on literature mining results
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Extraction of associations. Pattern phrases

Chemical 
compound

Protein Protein/gene Protein/gene Protein/gene Disease

Set of pattern phrases Recognition for two names 
(protein and disease) in one 
abstract selected by relevance 
by the particular  diseases or 
disorders

Example: Hedgehog pathway 
and Cancer

Set of pattern phrases

Main 
term

Pattern Example

interact Interaction of P1 P2 Interaction of Vpr with other proteins such as EF2

regulate regulation of P1 P2 Regulation of IDO by HIV-1 Tat protein

inhibit C1 inhibits P1 RT1t49 inhibits recombinant RT

Accuracy of associations extraction: precision is 0.78, recall is 0.91, F1-score is 0.84 



Сhemical named entity recognition and relation extraction

For a variery of human genes, information about changes in 
expression levels during the course of HIV infection has been 
shown in the experiment

Red font - differentially expressed genes for 
which the differences are reliable and confirmed 
in experiment



Experimental validation of the results based on the prospective clinical study

11 patients before the start of antitertoviral 
therapy, (ART), peripheral blood mononulcear 

cells (PBMC)

9 patients after 24 weeks of ART, PBMC

Patients with HIV-infection over 1 year/ 
less than 1 year (5 patients/ 6 patients)

RNASeq, HiSeq1500 (Illumina) 
Differences in expression level: 
- 606 genes (p < 0,1);
- 183 genes (p<0.05)

- Central Research Institute of Epidemiology,  Moscow, 
Russia
- Krasnodar clinical center of HIV profilaxys and cure

Differences in expression level, 24 weeks after HAART:  165 
genes (p < 0.05) compared to before treatment
16 genes (p< 0.05) in two groups based on the immunological 
effectiveness



Genes that identified in the text mining that were found to be differentially 
expressed in the experiment

Gene Name Process PMIDs Log2FoldChange Padj

CLEC5A ↑ C-type lectin 
domain family 5 
member A

Immune response; 
negative regulation of 
apoptotic process; negative 
regulation of myeloid cell 
apoptotic process

31867016 1.67 0.0006

TLR2 ↑ Toll-like receptor 2,  
CD282

Immune response
Inflammatory response
apoptotic process
Regulation of gene expression 

32093694
32516401
28730622

1.4 0.019

CD14  ↑ Monocyte 
differentiation 
antigen CD14

Immune response
apoptotic process
Inflammatory response

34211989
33487130

1.14 0.04

CD86  ↑ T-lymphocyte 
activation antigen 
CD86

Immune response
Negative regulation of T cell 
proliferation

34630420 0.89 0.046

NAMPT ↑ Nicotinamide 
phosphoribosyltran
sferase

Autophagy - 2.0 0.03



Named entity recognition and relation extraction for solving various biological tasks



Extracting knowledge about viruses and the host (the human body), 
and potential antiviral agents based on the mining of massive amounts 

of scientific publications



Selection of antiviral compounds with direct 
antiviral activity

SARS-CoV-2, HIV, herpes simplex, hepatitis B and C, influenza

Drug indications
(Viral disease)

Drug mechanisms
(Target organism)

Over 170 000 abstracts

NER and relations extraction



N Object types Method of association 
extraction Examples of relations

1 Chemical-Chemical Pattern phrases Combinations of drugs used in therapy; drug effects on biochemical parameters; drug-drug interactions; metabolism 
and biotransformation

2 Chemical-Gene Pattern phrases Effect of drug on biochemical parameters; effect on protein/gene

3 Chemical-Disease Pattern phrases Side effects and toxicity; use in therapy; use in prevention; possible biomarkers of disease

4 Chemical-miRNA Co-occurrence Effects of chemical compounds on molecular mechanisms

5 Chemical-SNP Pattern phrases; Co-
occurrence Relationship between amino acid/nucleotide substitution and drug resistance/susceptibility

6 Chemical-Genotype Pattern phrases (Typically associations of HLA genotypes with drug hypersensitivity)

7 Gene-Gene Pattern phrases Interactions between proteins (including signaling pathways); part-to-part associations (protein-family)

8 Gene-Disease Pattern phrases Possible biomarkers; molecular mechanisms of pathogenesis; use in therapy

9 Gene-miRNA Co-occurrence Participation in regulation

10 Gene-SNP Co-occurrence Which protein substitutions lead to resistance/susceptibility to the drug

11 Disease-Disease Pattern phrases Main disease-symptom; comorbidities; multicomponent diseases

12 Disease-miRNA Co-occurrence Involvement in pathogenesis

13 Disease-SNP Co-occurrence Associations of changes in proteins/genes with disease manifestation and pathogenesis

14 Disease-Genotype Pattern phrases; Co-
occurrence Other reactions and pathological processes associated with HLA genotypes



NER and extracting associations or relations

Chemicals

Virus

Host (homo sapiens)

Object types Number of 
recognized

(unique)

Found in 
databases
(unique)

Chemical named 
entities

83 571 6 972

Associations / 
relations

Chemical-miRNA;
Chemical-Genotype;
Chemical-chemical

Associations / 
relations

Chemical-Disease;
Chemical-Gene;
Chemical-miRNA

Object types Number of 
recognized
(unique)

Found in 
databases
(unique)

Gene 15 844 4 034

miRNA 640 -

Disease 55 080 7 998

SNP 10953 -

Associations / 
relations

Gene-Disease;
Gene-gene;
Gene-miRNA;
Chemical-Genotype



Virus-host-chemicals interactions based on textome analysis for several viruses. 
Preliminary results

SARS-CoV-2, HIV-1, hepatitis C and B, influenza, Zika, Dengue, Western Nile



Examples of relations between identified objects extracted using literature mining 

https://www.way2drug.com/viruses/nlp/ 

https://www.way2drug.com/viruses/nlp/


Examples of amino acid substitutions associated with viral drug resistance



Conclusions

• We developed the approach to extract associations between automatically
recognised entities corresponding to (a) chemical named entities; (b) proteins,
genes, miRNAs; (c) diseases and disorders.

• The developed approach and algorithms were validated in several studies,
including the identification of genes associated with HIV infection progression
and therapeutic outcome; the search for proteins and genes involved in
neoplasm development and associated with the Hedgehog pathway.

• Based on the developed approach, we created an automated pipeline aimed at
extracting knowledge about viruses and the host (the human body) and
potential antiviral agents based on the mining of massive amounts of scientific
publications.
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