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. Most genetic contributors to disease are LOF (90% of
OMIM), but adding function (drug = GOF) is hard. So
need to turn search for GOF into search for LOF.

. Data integration across scales (molecular, cellular,
physiology, EMR, population) is mandatory to
de-risk drug discovery (side effects, no effects).

. Like genes, drugs have (vastly underestimated)
pleiotropic effects and these should be considered
during drug development.

. Pathway approaches for understanding pleiotropic
genes and drugs offer more opportunities to modulate
biology through LOF interventions, and to predict side
effects and poor efficacy.



FEATURE “sees” similarities in diverse kinase
structures (PIK3CG and SRC) =repurposing
opportunity (Liu & Altman, PLoS Comp Bio,
2011).
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Independent Component Analysis of GEO human data

yields ~450 fundamental components that explain

most variability in expression experiments.
(Engreitz et al, J Biomed Inform. 2010)
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Parthenolide effects NFKB signaling.
Pathways suggests new diseases and new
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targets. Y

Parthenolide alters
expression of TNF, NFKB,
kinases.

Immediately suggests a way
to decide if Parthenolide is
appropriate for other
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Advances in natural language parsing enable
high fidelity extraction of relations
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Semantic network of 170,598 normalized gene-
drug relations from PubMed abstracts.
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ABCB1 gene and verapamil drug




We built a statistical model able to recognize
glucose-altering drugs based on their
“adverse event signature”

Adverse Events reported by FDA

A
Diabetes
Drugs A

A

Correlated
Indications

Fij = frequency of AE; for Drug;

Fij = frequency of AE; for Indication



and significantly increase
blood glucose by 20 mg/dl

Pravastatin and Paroxetine

Variable
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Age (mean = SD)
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Define relevant phenotype

l

Find phenotypic outliers

l

|dentify causative variant(s)
(outliers + large background)

l

Show LOF good, GOF bad

l

Develop targeted inhibitor, refine

Define relevant cell types/tissues

l

Define relevant molecular pathways

l

|dentify genes/variant(s) associated
with pathway function/dysfunction

l

Find LOF pathway opportunities,
Seek genetic evidence for modulation

l

Counter screen for promiscuity,
side effects, efficacy issues

l

Develop inhibitor(s) of pathways,
refine



. 3D structures of human proteins to
understand drug promiscuity/network
effects (+affects of variation)

. Gene expression response of tissues to
drug exposures for promiscuity/network
effects (+affects of variation)

. Tissue-specific model systems to test
pathway modulation

. Large genetic cohorts to understand gene
tolerance for mutation and GOF/LOF
response of pathways.
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