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[Abstract]
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Synergistic effect

The goal of this research is to develop a molecular-mechanism-based prediction
informatics system for prediction of combined effect of more than one chemical
simultaneously administered. Percellome Toxicogenomics system is applied to the
combined exposure model using mice. Four groups of 12 male C57BL/6 mice each were
administered, by single oral gavage, either Chemical A alone, Chemical B alone, half
amounts of Chemical A and Chemical B as combined exposure, and vehicle common to
both chemicals. Liver, lung and kidney for mRNA analysis by Affymetrix GeneChip
Mouse 430 2.0 were sampled at 2, 4, 8, and 24 hours after gavage (n=3 each). GeneChip
data was obtained by a Percellome method, i.e. absolute mMRNA copy number per one cell
(average) for the liver and in one study the liver and lung. The mRNA expression data
were plotted onto the 3-dimension surface graph for further analysis. Original software
designed to handle the 3-D surface including “RSort” was utilized to automatically
extract genes that show significant response out of 45,000 probe sets data generated by
the GeneChip, and then, they were assorted by Student’s t-test and Welch-test into
“additive”, “synergistic”, and “antagonistic” responses. Three chemical pairs, i.e. carbon
tetrachloride (CClsy and toluene (Tol), Deet and Permethrin (Perm),
Bis(2-ethylhexyl)phthalate (DEHP) and Bisphenol A (BPA) were selected, due to several
reasons including preexisting rich data for single oral gavage study data in the Percellome
database.

There were several notable combined effects in the gene responses. The
synergistic expression of Cyr61, one of the molecular targets in various models of lung
injury and human lung diseases, suggests a potential toxicity of CCl, and Tol combined
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exposure in lung. In this study, another synergistic response among pulmonary fibrosis
related genes were observed. Deet and Perm pair induced antagonistic response of
mitochondrial electron transport system genes in liver which might relate to wasting
syndrome, and DEHP and BPA pair cause hitherto unreported antagonistic suppression of
genes related to cholesterol biosynthesis in liver.

Through the promoter analysis it was suggest that there were some specific and/or
common transcriptional factor binding sites were identified, suggesting that combined
effects are depend at least in part on transcriptional regulation mechanism.

As a whole, the Percellome approach show here was considered as a promising
direction for the development of predictive system of combined effect further research,
adding a few more chemical pairs should contribute for the maturation of the prediction
system.
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