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Abstract: Traditional drug repurposing efforts, while promising, are often limited by
human cognitive biases and the sheer volume of available literature, leading to
missed opportunities. This paper introduces the "Curiosity Engine," a novel
component of an Al Co-Scientist Module (ACS), designed to proactively identify
underexplored connections within a comprehensive Adaptive Knowledge Graph
(AKG) and generate non-obvious hypotheses for drug repurposing. We present
evidence demonstrating the engine's ability to propose novel therapeutic targets by
leveraging multi-modal data, significantly accelerating the identification of
repurposing candidates.

Introduction: Drug repurposing, the identification of new uses for existing drugs,
offers an attractive alternative to de novo drug discovery due to reduced costs and
development timelines. However, current methods often rely on manual inspection of
literature, structural similarity searches, or expression profiling, which can be
computationally intensive and may overlook subtle, indirect connections between
drugs and diseases. The challenge lies in efficiently navigating vast biological and
chemical spaces to uncover "hidden" therapeutic relationships.

Methodology: Our framework integrates an Adaptive Knowledge Graph

(AKG) that self-organizes and self-updates by continuously ingesting scientific
literature, clinical trial data, and drug-target interaction databases. The AKG is
enhanced with cross-disciplinary semantic bridging, linking molecular data from
various domains. The core innovation is the "Curiosity Engine," an Al-driven
module within the Al Co-Scientist Module (ACS). This engine was designed to:



1. Proactively identify underexplored connections or gaps: It utilizes graph-
neural networks and reinforcement learning to explore the AKG, focusing on
weakly connected nodes or pathways that, when combined, suggest novel
therapeutic relationships.

2. Generate novel hypotheses: For example, it might combine disparate
findings on a protein's structure, a known drug's mechanism of action, and a
rare disease's genetic markers to propose a new therapeutic target.

3. Perform "What-if" Scenario Simulation: Allowing the ACS to simulate
potential outcomes based on its knowledge graph and predictive models.

Candidate hypotheses were ranked based on predicted efficacy and novelty score,
and then subjected to preliminary in vitro validation.

Breakthrough/Results: The "Curiosity Engine" successfully identified 7 novel drug
repurposing hypotheses for challenging disease areas (e.g., orphan neurological
disorders, antibiotic-resistant infections) over a 6-month period, compared to 1-2
hypotheses generated by a team of human experts during the same timeframe. One
notable success was the identification of an anti-inflammatory drug, previously used
for autoimmune conditions, as a potential treatment for a specific type of cancer. The
engine linked this drug's known interaction with a particular receptor to an under-
explored signaling pathway involved in cancer progression (p — value < 0.0005). In
vitro assays confirmed the drug's efficacy against cancer cell lines (IC50 = 250 nM),
demonstrating an estimated 5x acceleration in identifying actionable repurposing
candidates. This Al-powered generation goes beyond semantic search, uncovering
non-obvious connections.

Discussion: The "Curiosity Engine" represents a significant leap forward in drug
repurposing by moving beyond reactive querying to proactive hypothesis generation.
Its ability to intelligently traverse and synthesize vast, disparate datasets enables the
discovery of connections that are easily missed by human researchers or traditional
computational methods. This offers a powerful new paradigm for identifying novel
therapeutic indications for existing compounds, accelerating drug development and
offering new hope for intractable diseases.

Conclusion: We have developed and validated an Al-driven "Curiosity Engine" that
proactively generates novel drug repurposing hypotheses by leveraging an Adaptive
Knowledge Graph. This technology promises to unlock hidden therapeutic potential
within existing pharmacopeias, leading to faster and more cost-effective drug
discovery.

Abbreviations:
o AKG: Adaptive Knowledge Graph

e ACS: Al Co-Scientist Module
o |C50: Half Maximal Inhibitory Concentration
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