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(Molecular Mechanism of Cancer Chemopreventive Effects by Quercetin)
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Polyphenols are a group of plant chemical substances, characterized by the presence of more than one
phenolic group. Epidemiological studies have shown the consumption of vegetables and fruits are
associated with a reduced risk of cancers. Several lines of studies have shown that polyphenols possess
antioxidant properties, which are considered to account for disease-preventing effects of diets high in
polyphenols. However the precise molecular mechanism is not clarified yet. This study is conducted to
elucidate the chemopreventive effects of quercetin (3,3°,4°,5,7-pentahydroxylflavone), which is a typical
polyphenolic compound widely distributed in fruits and vegetables, especially with high concentrations in
onions, apples, tea, broceoli and red wine. The mechanisms were investigated at cellular and molecular
levels by targeting several key steps involved in anti-carcinogenesis such as cytoprotection and apoptosis
induction of cancer cells. :

Nrf2/Keapl system plays an important role in ¢ytoprotection against oxidative stresses such as ROS
and environmental stress. Polyphenols are found to possess antioxidant properties and interact with
cellular defense systems through the antioxidant responsive/electrophile responsive element (ARE/EpRE)
although the precise mechanism by which how  polyphenols influence transcriptional factor complex to
target ARE is poorly understood. To clarify the mechanism of cytoprotective role, the action of Nrf2 and
Keapl in ARE-mediated NOOI gene expression by quercetin were investigated. Molecular data revealed
that quercetin activated Nrf2/ARE-mediated NOOT transactivation through novel mechanisms. Quercetin
not only enhanced the steady-state level of Nrf2 at both transcriptional and post-translational levels, but
also reduced the steady-state level of Keap! through 268 proteasome-independent degradation. Silencing
Nrf2 or Keap! with their siRNA dramatically affected ARE activity induced by quercetin, suggesting that
both Nrf2 up-regulation and Keapl down-regulation induced by quercetin are essential for ARE-mediated
NQOI activation. ,

In many cancers that retain wild-type p53, there is evidence for defects in the mechanisms that allow
activation of p53. Reactivation of p53 has been suggested to be an effective strategy for cancer therapy in
wild-type p53 retained tumor cells. To further explore the role of quercetin in cancer chemoprevention,
reactivation of p53 in HepG2 cells retaining wild-type p53 was challenged by quercetin. The results
showed that quercetin inhibited the proliferation of HepG2 cells through the induction of cell cycle arrest
‘and apoptosis. Molecular data revealed that quercetin induced p53 phosphorylation and total p53 protein.
Consequently, quercetin stimulated p21 expression and suppressed cyclin D1 ekpression in the favor of
cell cycle arrest. Moreover, quercetin also increased the ratio of Bax/Bcel-2 in the favor of apoptosis in
such treatment. Interestingly, quercetin inhibited p53 ubiquitination and extended the half-life (#1,) of p53
from 74 min to 184 min. Quercetin also inhibited p53 mRNA degradation at post-transcription. Silencing
p53 with p53 siRNA significantly abrogated p53-dependent gene expression and apoptotic induction,
revealing that quercetin stabilizes p53 at both mRNA and protein levels to reactivate p53-dependent cell
cycle arrest and apoptosis in HepG2 cells.

In summary, quercetin could enhance cytoprotective activity by up-regulating Nrf2 expression and
down-regulating Keapl, and induce cancer cells apoptosis by reactivating p53 at the post-transcription.
These findings provide a novel mechanism by which quercetin may exhibit cytoprotective and anti-cancer
effects, and will give new insights to understand the chemopreventive function of quercetin.
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