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Introduction
• Investigating the drug response at the transcriptional level is powerful for 

understanding the mechanism of drug adverse effects, elucidating inter-individual 
drug response variability and developing personalized therapies. 

• However, drug perturbation experiments are limited to immortal cell lines which do 
not reflect the true physiology and gene expression of the liver, a key organ for 
drug metabolism.

• Moreover, available resources are mostly based on microarray which lacks the 
broad dynamic range on RNA-sequencing data in capturing transcript abundance.

• Here, we aim to characterize the transcriptional response upon drug treatments in 
liver powering by the RNA-seq technology.

Methods and Materials
• We treated 68 primary human hepatocytes derived from donors of African 

American ancestry with 6 known inducers of drug metabolism, Omeprazole, 
Phenobarbital, Dexamethasone, Carbamazepine, Phenytoin and Rifampicin and 
measured the transcriptome via RNA-seq technology before and after treatment. 

• We performed pair-wise differential expression (DE) analysis and identified genes
that were up- or down-regulated upon drug treatment. 

• We utilized Grade of membership (GoM) clustering to capture the heterogeneity 
among drug response profiles.

• We used weighted co-expression network to compare the expression regulatory 
architecture among  drug treatments.

Pair-wise differential expression analysis revealed common and specific gene signatures upon drug treatments

Phenytoin and Carbamazepine have similar differential expression response but different co-expression structure 

• Investigate the role of NFE2L1 in modulating drug response with ChIP-seq and 
functional analysis.

• Identify pharmacologically relevant genes whose expression or fold-change upon drug 
treatment are associated with African ancestry.

• Explore the different roles of protein-coding RNA and long non-coding RNA in 
modulating drug response.

• Integrate the expression with genotype to identify common and drug-specific genetic
regulators.

Future work 
• Drug perturbation on primary hepatocytes allows us to characterize the drug-

specific mechanism of action and identify generic signatures of drug response.

• Different drugs exhibited broad-spectrum transcriptomic responses.

• NFE2L1 may serve as the general up-stream regulator of drug treatments. 

• Both differential expression analysis and GoM clustering demonstrate the similarity 
between Phenytoin and Carbamazepine, which may result from their common 
therapeutic application on epilepsy. Co-expression network analysis highlights 
drug-specific regulatory architecture.
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Figure 1: Expression signatures upon multiple drug treatments. A. Pair-wise differential expression analysis demonstrated treatment with Phenobarbital and Omeprazole induced the 
strongest response and Carbamazepine induced the lowest response. B. More variance in gene expression was attributed to inter-individual variance than inter-condition variance. C. 
Top Gene Ontology terms enriched in genes that were up- or down-regulated across all conditions compared with baseline. D. Common up-regulated genes are enriched for a 
transcription factor, NEF2L1, targets.
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Figure 2: Expression structure upon Phenytoin and Carbamazepine treatments. A. Grade-of-membership(GoM) clustering of gene 
expression showed similar patterns between Phenytoin and Carbamazepine treatments. B. Weighted co-expression network modeling 
demonstrated distinct co-expression architectures. C. Mapping of modules between two networks identified modules specific to drug 
treatment (e.g. greenyellow for Carbamazepine and salmon for Phenytoin).
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