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Consistent with the theme of this National Science Foundation’s Symposium, a shared
challenge to biomedical scientists is the task of organizing the enormous volume of
infonnatiqn flowing from omics-based studies to probe disease mechanisms, to identify novel
therapeutic targets and to propose markers for designing and monitoring therapeutic studies"
%4 The seminal unmet objective underlying this task is that of extracting information from this
data sufficient to drive the rational design of therapeutic agents that target specific disease
pathways. This conceptual theme offered early motivation for discovering magic bullets, which
has now given way to the realization that omics data in general provides only a glimpse of the
complexities inherent in these systems ° and that this data might be, at best, only a weak
surrogate for monitoring the underlying biological process. Fu_rthermore, little support exists
for a simplified hypothesis developed from the idea that a single entity (gene, nucleic acid or
protein) defines a biological outcome; greater support exists for the occurrence of many |
unanticipated players having desirable and undesirable effects. Despite this dim view,

noteworthy successes in linking omics data to drug activity and mechanism of action have



offered hope that data mining pursuits may offer more information than initially believed, if

collected, mined and analyzed systematically.

Omics-based investigations offer potentially powerful readouts that may be useful for probing
the underlying biology of normal and diseased states, identifying novel therapeutic targets and
proposing relevant markers for designing therapeutic strategies. A vital component of these
investigations involves a systematic analysis of omics data in the context of disease statés and
small molecules that probe the function of unknown targets responsible for a disease.
Numerous systematic data collection strategies are currently underway aimed at the
identification of novel, small-molecule, potentially therapeutic, agents that affect a particular
disease pathway. Amongst the newcomers is the recent entry of chemical gengtics and its
efforts to amalgamate disciplines from classical medicinal chemistry and genomics with the
wide-ranging new technologies associated with each of these disciplines. Notable in these
associated technologies are high throughput screening ® and methods of target identification
and validation " %°. Chemical genetics research is directed at deriving a (biochemical,
physiological, pharmacological) understanding of the molecular basis of phenotypes that
characterize normal and disease states. Small molecule agents assume the role of molecular
prdbes that can selectively modulate the myriad of interactions that affect and control
phenotypes'’. Readouts from these probes become the basis for interpretations and hypothesis
generations about what, if .any, components of this vast interacting network may be interpreted
in a cause and effect paradigm'’. Typical approaches appear in high throughput screening
efforts that use a library of small molecule against a selected target of interest to observe the
effects of target inhibition on phenotypic readout. A hallmark of these efforts is a priori

knowledge about the target and its potential role in a disease state. These efforts seek hits’



invoiving cell- or tissue-based screening, followed by target validation and appropriate
specificity checks, leading finally to a network/pathway analysis to understand the basic
bioiégy of the molecular target as it functions in a diseased condition. These indirect
approaches provide valuable information not produced by classical genetics approaches.
Ultimately, the collective body of evidence derived from many cross-disciplines, including

chemical genetics, will play contributing roles when validating a therapeutic target.

The NCI Tumor Panel Screening program (referred to hereafter as the NCI60) began in 1990
as a tool for generating a unique readout for small-molecule and natural product extract
screening against a selected set of immortalized human cancer cell lines! 1% 4,

A variety of analytical approaches using the NCI60 dataset have constructed means to relate
similarities in NCI60 bioactivity profiles™ %1% 1% 1 reveal the considerable information yet
available for mining this unique dataset'® ' 152621325224 a1 (£ ihese offorts support the

- role of systematic omics analysis to inform the underlying biology of several disease states.
Charaéterizing the generality of this result remains an open challenge, requiring careful
examination of each experimental condition. More relevant is the importance of cataloging the
genetic snapshot represented by each experimental condition. This information represents the
descriptor set necessary for a priori assessments that may be useful for connecting a genetic

state to the consequences of a chemical perturbation.

Studies utilizing chemicals to perturb biology represent relatively recent efforts
intended to contribute towards the urgently needed discovery pipeline %, Any effort that
cfficiently guides a compound into the discovery funnel, by maximizing understanding of and

prediction of a compound’s mechanism of action, while requiring physicochemical properties



necessary for effective and safe compound delivery to the intended target, represents the
modern standard of practice. The question still remains as to whether omics approaches are
essential for the discovery process, or simply the application of a new technology to an existing
problem. Genetic information does appear to move us closer to understanding the complicated
pathways and associated pathway products that drive the underlying biology. This degrée of
complexity has contributed to the movement away from reductiﬁnism as a design principle for
scientific experimentation (one variable per experiment) towards ﬁon~hypothesis driven
approaches that effectively éreate a data pool that requires independent as well as integrative

analyses for interpretation

An apparent research bottleneck in this effort is that the tools to analyze complicated

26 27

datasets require applications of the newest advances in statistics and mathematics and the

attraction of young scientists aimed at this effort. A noteworthy complement to analytical
strategies is integrated data sharing to virtually extend the number of observations available for

%2 Through global, novel participation it will be possible to gauge the utility of

analysis
omics-based approaches for probing disease mechanisms, identifying novel therapeutic targets

and proposing relevant markers for designing and monitoring therapeutic strategies.
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