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Kathleen M. Giacomini, et al. When good drugs go bad
Nature 446/2007, 975-977

Why deal with this topic?
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Unexpected side effect

Detrimental Beneficial

Moore, T. J. et al. Arch Intern Med 2007;167:1752-1759.

D. Grau, G. Serbedzija; Innovative Strategies for Drug Repurposing; 
Drug Discovery & Development 2005

Why deal with this topic?
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A simplified overview – molecules in man

Adapted from Julia M. Gohlke and Christopher J. Portier 
Environ Health Perspect 115:1261–1263 (2007) 
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And “all of them” interact …

Chaurasia G, et al. 
Nucleic Acids Res. 35 Database issue:D590-4, 2007.
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Linking side effects to targets in chemical space

Target is part
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A. Bender et al.
ChemMedChem, 
Volume 2(6), 2007; 861-873
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Data modeling: Naïve Bayesian (NB) with ECFP 
fingerprints for handling data

ECFP fingerprints
Bayesian models

1 2 … n

Adverse event database:
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heartburn 
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Score    Predicted AEs ECFP: interpretable and can be linked with substructures

 NB: Naive Bayes is uniquely suited for AE modeling, as it treats 
features independently and thus can handle multiple MoAs and 
targets per AE

 NB+ECFP: strong track record from in silico HTS analyses

Str. 1

Str. 2

Str. 3

Str. 4

Str. 5

Str. 6

stomach pain 

joint pain 

cough 

diarrhea 

dizziness 

fatigue 



12 | SysChemBiol for ADRs | Josef Scheiber | June 2008 | ICCS Noordwijkerhout |

Venn Diagram of feature overlap
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~2000 targets x 3300 side effects – 
The Pearson correlation matrix

~7 million correlations obviously 
need more detailed analyses …
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Targets linked to most AEs with Pearson cutoff 
(not necessarily severe)
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SERPIN A6

 This is the target with most correlations to AEs in chemical 
space

 Serpin peptidase inhibitor, clade A, member 6 (antitrypsin)

 Alpha-globulin protein with corticosteroid-binding properties

 major transport protein for glucorticoids and progestins in 
the blood of most vertebrates 
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Side effects linked to SERPINA6 in chemical space
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Drugs known to interact with SERPINA6
- Mostly Corticosteroids

- PharmaPendium: The side effects related 
to SERPINA6 are the common 
Corticosteroid side effects

- Reason: drug-induced Cushing’s disease 
(see e.g. 
http://en.wikipedia.org/wiki/Corticosteroid)

Source: DrugBank
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SERPINA6 as drug target

 This means inducing Cushing’s disease

 Where is this helpful?

There’s one non-corticosteroid in the list of compounds  
interacting with SERPINA6:



20 | SysChemBiol for ADRs | Josef Scheiber | June 2008 | ICCS Noordwijkerhout |

Adrenocortical carcinoma

 Mitotane – Chemotherapy for tumors that cannot be treated 
with surgery

 Toxic to cells in adrenal cortex, inhibits steroid synthesis

 SERPINA6 “transport capabilities” are taken advantage of
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Leveraging pathways – An example

Amiodaron Arbutamine

They all cause Hypotension

Conivaptan

They do not have a single common target predicted
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Ok, can we still find something?

Top 5 pathways for Hypotension as AE 
(predicted targets linked to pathways in Novartis 
Pathway DB):

(1) Glutamate receptor signalling 

(2) ACE-system

(3) FAS signaling

(4) Nitrogen metabolism

(5) “Gap junctions”

? ()







?
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An example

Amiodaron Arbutamine

They all have at least one target in 
the Top 3 pathways predicted

Conivaptan
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Another example

http://en.wikipedia.org/wiki/Image:Cerivastatin.png
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Graham, D. J. et al. JAMA 2004;292:2585-2590.

Rhabdomyolysis per 10000 Person-Years of Therapy With Lipid-Lowering Drugs Used as 
Monotherapy or as Combination Therapy With Another Drug

Another example
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Rhabdomyolysis

Source: http://en.wikipedia.org/wiki/Rhabdomyolysis

various defects in the mitochondrial respiratory chain
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Another example

Gemfibrozil Cerivastatin

Both cause rhabdomyolysis and 
renal failure

They do not have a single common target predicted 
(but CYPs linked back to back)
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Pathways for Cerivastatin and Gemfibrozil

(1) Steroid metabolism

(2) Xenobiotic metabolism 

(3) Inflammation_Neutrophil activation

(4) Muscle contraction
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One of numerous literature examples

1/3 of Cerivastatin-related deaths were related to 
co-treatment with Gemfibrozil!
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Summary

 Linking side effects to biological cause by chemical space

 Targets and pathways can be identified as most likely 
reasons (we deal with structural dissimilarity)

 Biological data can be used to validate predictions
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