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Assessing compound carcinogenicity 
in vitro using connectivity mapping

Florian Caiment
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Alternative to animal testing

Compound
X

60% accuracy 3R : Reduction, Refinement, Replacement of animal testing.

in vitro toxicogenomics
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?

in vitro toxicogenomics as alternative
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HepatoCellular Carcinoma (HCC)

5th most common cancer worldwide

3rd most common cause of cancer mortality

Accounts for  ~90% of primary liver cancers

Induced either by hepatic viral infections (HBV/HVC) or hepatic cirrhosis 
(alcoholism)
Other known risks: AFB1, cigarette smoking, obesity, diet

Complex process associated with accumulation of genetic & epigenetic 
changes that occur during initiation, promotion and progression of the 
disease

Liver Cancer
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Connectivity Mapping

HCC signature in vitro human liver
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PHH

158 compounds

Affy_hg u133 plus 2

2 or 3 Times points :
(2h) - 8h, 24h

2 or 3 Doses :
(low)-Medium-High

Control and duplicates
=> 2605 arrays
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Human Liver Carcinogens (CHL) : 3
Sufficient data on human carcinogenicity on liver organ available

Rodent Liver Carcinogens (CRL) : 23
Sufficient data on rodent carcinogenicity on liver organ available

Non Liver Carcinogens (CNL) : 12
known human and/or rodent carcinogenic compounds in non-liver target organs

Non Carcinogens (NC) : 15
Negative in all available carcinogenicity tests in rodents (often no available 
information about human studies)

Unknown Carcinogenicity (UC) : 78
Unavailable / Unclear in all available carcinogenicity tests (mainly in rodents)

Compound Classification
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Connectivity Mapping
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in vitro toxicogenomics as alternative ? 
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Query signature : genesets

5 Databases 24 Literature 2 Pathways

31 genesets selected
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Genesets Overlap
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?

in vitro toxicogenomics as alternative ? 
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Array Express in vivo HCC data



HCC
E-GEOD-2109

(10 HCC samples)

Normalisation
Log Ratio

PHH in vitro
toxicology assay
(Open Tg_Gates)

signature

829 reference
Treatment / Control

instances

Downstream analysis

sscMap

In vivo HCC Signature Reference dataset
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combined control

Expression Project for 
Oncology (expO)

7520 up
1414 down
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sscMap results
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sscMap results
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sscMap results
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sscMap results
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validation set
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Conclusion:
• in vivo HHC signature with many genes
• best classification at low dose and 24h
• better classification at 24h than 8h
• classification accuracy decrease with concentration
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sscMap method
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sscMap method multiple testingG
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sscMap method multiple testingG
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