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Polyphenolic compounds occurring in many edible plants are the main part of phytochemicals and have
been reported to possess multiple bioactivities on chemoprevention of human -chronic diseases.
Accumulated studies have suggest that consumption of polyphenol-rich vegetables are beneficial in the
prevention of chronic diseases such as cancer, stroke, diabetes, neurodegenerative disease and heart
disease based on laboratory studies and epidemiological investigations. The chemopreventive mechanisms
by polyphenolic compounds have being investigated at molecular levels. However, most of the studies
only paid attentions on limited genes or signaling pathways, which were not consistent with the multiple
functions of polyphenolic compounds and the complicated pathology of human chronic diseases.
Applications of omics tools in nutrigenomics and evidence-based food or traditional medicine researches
will meet the requirement for fully understanding the chemopreventive mechanisms of polyphenolic
compounds. Of omics, DNA microarray and pathway analysis are powerful tools to study the molecular
mechanisms of polyphenolic compounds due to their priority on analyzing the effect in genome wide.

In the present study, two typical polyphenolic compounds were chosen, myricetin from food such as
grape and baicalein from traditional medicine, due to their similar structures which.could help analyzing
the structure-activity relationship. Besides, myricetin could provide the example to apply microarray in
nutrigenomic research, and baicalein could be a model for application of microarray in evidence-based
traditional medicine research. Hepatocytes are the main cells for ‘polyphenolic compounds metabolizing
with the aid of drug metabolizing enzymes in vivo. Thus, HepG2 cells were chosen as the model for its
widely used in regulation of drug metabolizing enzymes, ADME (absorption, distribution, metabolism,

and excretion), toxicological and other basic researches.

I performed gene expression profiling by DNA microarray to evaluate the chemopreventive function
and underlying genes targeted by myricetin and baicalein in HepG2 cells, and then I used Gene Ontology
(GO) and Ingenuity Pathway Analysis (IPA) to analyze the huge microarray data that can help better
understanding the effects of these polyphenolic compounds on cell biological function in genome wide.
Finally, I used real-time PCR to verify the accuracy of some genes of interests. Among total 44K gene
probes, myricetin treatment up-regulated the signals of 143 gene probes (0.33% of total probes) and
down-regulated signals of 476 gene probes (1.08% of total probes) by >2-fold, baicalein treatment
up-regulated the signals of 440 gene probes (1.04% of total gene probes) and down-regulated signals of
254 gene probes (0.6% of total gene probes) by >2-fold in HepG2 cells. Gene Ontology analysis revealed
that drug metabolizing enzymes were significantly disturbed by polyphenolic compounds treatment. The
network pathways analyses by IPA further revealed top 10 canonical pathways were disturbed by each
treatment. Of which, an Nrf2 (nuclear factor-erythroid 2 p45-related factor 2)-mediated ARE (antioxidant
response element) pathway was involved in both baicalein- and myricetin-induced gene expressions of
hepatic metabolic enzymes. The representative enzymes involved in Nrf2-ARE pathway were further
confirmed at mRNA level by real time polymerase chain reaction (PCR). .

To uncover the molecular mechanism underlying the activation of Nrf2-ARE pathway, I further
investigated the effect at both the transcriptional level and the posttranscriptional level of Nrf2 expression
by baicalein treatment in HepG2 cells. At the transcriptional level, Nrf2-related network analysis and
upstream protein kinases signaling pathways data revealed that baicalein regulated the expression of Nrf2
mRNA by targeting transcription factors (such as NF-xB and AHR) and nuclear proteins (such as c-Src
and c-Jun) via phosphorylating the upstream protein kinases MEK, AKT and JNK signaling pathways. At
the posttranscriptional level, molecular data revealed that baicalein activated Nri2-ARE pathway by
inhibiting Nrf2 ubiquitination and protein turnover via stimulating Keap1 modification and ubiquitination.
All of these events finally increased nuclear Nrf2 accumulation, ARE binding activity and transcription
activity to enhance ARE-mediated genes expressions. Furthermore, myricetin was found to exert its
chemopreventive effect by the same mechanism due to its similar structure as baicalein. Additionally,
treatment with Nrf2 siRNA attenuated both the baicalein-induced and myricetin-induced ARE activity and
gene expressions. Based on structure-activity analysis, we found that the basic flavan structure seems to be
the key component of polyphenolic compounds to activate Nrf2. .

These results provided a comprehensive data for understanding the gene expression, hepatic metabolism
and bioactive role of these polyphenolic compounds. The pathway network analysis and molecular data
revealed that baicalein and myricetin exert their chemopreventive effects by activation of Nrf2-ARE
pathway, which could not only help us to apply microarray in nutrigenomic research and evidence-based
traditional medicine research for improving the human health, but also guide us to study the interactome
and transcriptome of Nrf2 in the future research.
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