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Drug repurposing

• Drug repurposing (drug repositioning/reprofiling/re-tasking)

A drug discovery strategy from existing drugs 

Significantly shortens the time and reduces the cost compared to de novo drug discovery
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Drug repurposing knowledge graph (DRKG)

• Drug Repurposing Knowledge Graph (DRKG) 
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Graph Convolutional Networks

• Graph

image

• Arbitrary size

• Complex topological structure

• No fixed node ordering 

• Dynamic and multimodal features

graph
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Graph Convolutional Networks

• Graph
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node features
edge features

A collection of objects where some pairs of objects(nodes) are connected by links(edges).

General language for describing interactions between components in complex systems.

 By explicitly modeling relationships in complex domain(knowledge, text, image…), can 
achieve better performance in prediction.
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Graph Convolutional Networks

• Graph Convolution
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messages from 
neighbors

neural network

Connectionist models using generalized convolution based propagation rules

Capture the dependence of graphs via message passing between the nodes of graphs.

 Represent node information from its neighborhood with arbitrary depth 
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Graph Convolutional Networks

• Graph Convolutional Networks

Graph Convolutional Network Relational Graph Convolutional Network
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Graph Convolutional Networks

• Link prediction in RGCN

Relational Graph Convolutional Network

𝑓 𝑛𝑡 , 𝑟, 𝑛𝑡′ = ℎ𝑛𝑡
Τ ℎ𝑟ℎ𝑛

𝑡′

Vulnerable when only few training edges are available for 
a certain relation type  

The small number of edges will challenge the learning of 
the embedding vector r for the rare relation
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Graph Convolutional Networks

• Limitation

Rare disease Novel disease

Links to be predicted could belong to rare types such as the case in novel diseases

GCNs are ill-equipped in learning rare link types

motivates the task of few-shot link prediction



Method

Dongguk AI. LAB.  Sung-eun Jang10

Proposed method

• Inductive RGCN

Relation embedding is calculated as a nonlinear function of the node embedding for all node 
pairs participating to a certain relation type r

This allows the I-RGCN to learn relation embeddings in an inductive fashion.

 Enables the model to generalize to rare or even unseen relations.



Experiments

Dongguk AI. LAB.  Sung-eun Jang11

Dataset

• Relational Graph Neural Networks

IMDB

DBLP

DRKG

8104 candidate drugs

442 Covid-19 related genes

107 relation type

17 node type
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Result

• Relational Graph Neural Networks
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Result

• Link prediction
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Result

• Drug inhibits gene scores

Use corona-virus related diseases* as target diseases and 442 

Covid-19 related genes from the relations

Predict links among gene entities associated with the target 

disease and drug entities

Check hit rate of the overlap among the top 100 predicted drugs 

and the drugs used in clinical trials per gene

Several of the widely used drugs in clinical trials appear high on 

the predicted list, and that I-RGCN shows a higher hit rate

*SARS, MERS and SARS-COV2 (their functionality is similar)
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• I-RGCN consistently outperforms baseline models in the IMDB and DBLP datasets for few-shot link prediction

• Also formulate the Covid-19 drug-repurposing task as a link prediction over the DRKG

• I-RGCN successfully identifies a subset of clinical trial drugs for Covid-19 and can be used to assist researchers and 

prioritize existing drugs for further investigation in the Covid-19 treatment.
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