MindPhenomeKB: standardized phenomes of drugs and neuropsychiatric diseases constructed using advanced artificial intelligence techniques


We developed natural language processing (NLP), information extraction, knowledge representation and data integration techniques to construct a large-scale MindDiseasePhenome from 30 million biomedical articles and MindDrugPhenome from 30 million biomedical articles. We expect that the unique MindDiseasePhenome and MindDrugPhenome will set the foundation to enable the development of data-driven approaches to studying Alzheimer’s disease and its associated neuropsychiatric disorders.

MindDrugPhenome comprises of two knowledge bases: DSEKB (Drug-Side Effect Knowledge Base)  and TreatKB (Drug-disease Treatment Knowledge Base).

DSEKB contains standardized and machine-understandable knowledge about which drugs can “CAUSE” neuropsychiatric symptoms (NPS). For example, memantine “CAUSE” depression.  DSEKB contains 9,773 drug-NPS causal pairs extracted from >36,000 FDA drug labels (DSEKB_FDA), and 2,119 drug-NPS causal pairs extracted from 30 million MEDLINE abstracts (DSEKB_medline), for 1,247 FDA-approved drugs and 513 unique NPS terms.  We used NLP techniques that we developed (1-3) to extracted drug-NPS “causal” pairs from free text documents (FDA drug labels and biomedical literature). Extracted drug and NPS terms are standardized based on Unified Medical Language System (UMLS) standard terminologies. In our recent studies we demonstrated that network-based modeling of drug-side effect relationships can facilitate both drug target discovery and drug repurposing [4-5].
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TreatKB contains standardized and machine-understandable knowledge about which drugs can “TREAT” neuropsychiatric symptoms (NPS). For example, memantine “TREAT” Alzheimer’s disease.  TreatKB contains 1,329 drug-NPS treatment pairs extracted from >36,000 FDA drug labels (TreatKB_FDA), and 6,340 drug-NPS treatment pairs extracted from 30 million MEDLINE abstracts (TreatKB_medline), for 1,024 FDA-approved drugs and 802 unique  NPS terms.  We used NLP techniques that we developed [1] to extracted drug-NPS “causal” pairs from free text documents (FDA drug labels and biomedical literature). Extracted drug and NPS terms are standardized based on Unified Medical Language System (UMLS) standard terminologies. In our recent studies we demonstrated that network-based modeling of drug-disease treatment relationships can facilitate drug repurposing [2-7].
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[bookmark: _GoBack]MindDiseasePhenome currently comprises of DMKB (Disease-Manifestation Knowledge Base). DMKB contains standardized and machine-understandable knowledge of Neuropsychiatric disorders and their clinical manifestations. For example, alzheimer's disease has the following clinical manifestaions: cognitive impairement, membory loss, brain atrophy, syncope, delusion, depression, aphasia, among others. DMKB contains 1,926 NPS-manifestation pairs extracted  from 30 million MEDLINE abstracts (DMKB_medline), and 688 pairs extracted from UMLS ontologies  (DMKB_umls) for 383neuropsychiatric disorders and 1,582 unique clinical manifestations. We used NLP techniques that we developed [1-2] to extracted disease-manifestation pairs from  free text biomedical literature and biomedical ontologies. Extracted disease terms are standardized based on Unified Medical Language System (UMLS) standard terminologies. We demonstrated that network-based modeling of disease-manifestation relationships can facilitate disease genetics discovery and drug repurposing [3-4].
1. Xu R, Li L, Wang Q, (2013) Towards building a disease-phenotype relationship knowledge base: large scale extraction of disease-manifestation relationship from literature. Bioinformatics 2013; doi: 10.1093/bioinformatics/btt359. PMID 23828786; PMCID:PMC4068009.
2. Chen Y, Xiang Zhang, GQ Zhang, Xu R (2015) Comparative Analysis of A Novel Disease Phenotype Network Based on Clinical Manifestations. Journal of Biomedical Informatics, Feb;53:113-20. doi: 10.1016/j.jbi.2014.09.007. Epub 2014 Sep 30.PMID:25277758; PMCID:PMC4452018.  
3. Chen Y, Li L, Zhang GQ, Xu R* (2015) Phenome-driven Disease Genetics Prediction Towards Drug Discovery. Bioinformatics 2015 31 (12): i276-i283 doi: 10.1093/bioinformatics/btv245.PMID:26072493; PMCID:PMC4542779.  
4. Zhou M, Zheng C, Xu R* (2020). Combining phenome-driven drug-target interaction prediction with patients' electronic health records-based clinical corroboration toward drug discovery. Bioinformatics. 2020;36(Supplement_1):i436-i444. 

