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Investigation of cytoprotective triggering mechanism of flavonoids targeting
stress sensing mechanisms
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Flavonoids exhibit beneficial effects, and one such flavonoid, quercetin,
exerts cytoprotective effects via HO-1 induced by Nrf2 activation. In the present study, we showed
that quercetin-induced HO-1 was involved in the regulation of autophagy. Quercetin induced the
conversion of LC3-1 to LC3-11 while also inducing p62 expression and phosphorylation at serine
residue 351. These results suggest that quercetin would induce selective autophagy, and
guercetin-induced p62 might create a positive feedback loop in Keapl-Nrf2 system. Moreover, HO-1
deletion enhanced the expression levels of p62 induced by quercetin, suggesting that HO-1 might
negatively regulate p62 expression. In summary, quercetin induced selective autophagy, and HO-1
induced by quercetin negatively regulated the expression of p62. These results suggested that
selective autophagy induced by quercetin might exert cytoprotective effects under regulation of HO-1

activity.
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Figure 1. Cav-1-Nrf2 interaction after treatment with
quercetin

(A) NIH3T3 cells were treated with quercetin (30 uM) for 4
h, then fixed in 4% paraformaldehyde, permeabilized with
0.5% Triton X-100, and incubated with antibodies against
Cav-1 and Nrf2. Cells were then incubated with Alexa Fluor
488-conjugated anti-mouse IgG and Alexa Fluor 555-
conjugated anti-rabbit IgG for 3 h. Cellular localization of
Cav-1 (green) and Nrf2 (red) with or without quercetin
treatment was determined by confocal microscopy. DAPI
staining was performed to identify the nuclei. The results are
shown as representatives of three independent experiments.
Cav-1, caveolin-1; Nrf2, Nuclear factor E2-related factor 2;
DAPI, 4', 6-diamidino-2-phenylindole dihydrochloride

(B, C) NIH3T3 cells were treated with quercetin (30 uM) for
2 h. Cytosolic and nuclear fractions were isolated and the
expression of Cav-1 and Nrf2 was analyzed by western
blotting (B). a-tubulin and Lamin A were used as markers for
the cytosolic and nuclear fractions, respectively. Cytosolic
and nuclear fractions were further analyzed by
immunoprecipitation with an anti-Nrf2 antibody. The
expression of Cav-1 and Nrf2 was analyzed by western
blotting (C). The results are shown as representatives of three
independent experiments.

Cav-1, caveolin-1; IP, immunoprecipitation; C, control; Q,
quercetin
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Figure 2. Cytoprotective effects induced by quercetin

RAW264.7 cells were treated with 20 pM quercetin or vehicle for 1
h and then stimulated with LPS (3 pg/ml) and IFN-y (10 ng/ml) for
4h (A)or24h (B).

(A) The expression of 7/6 was determined by quantitative real-time
PCR. Values were expressed as fold change in expression level of
116/Gapdh compared to that of control. Results are expressed as
mean = SD of technical triplicates and shown as representative of
at least three-independent experiments. Asterisks indicate significant
differences (p < 0.05).

(B) The concentration of NO, in the supernatant was measured with
the Griess reagent. Results are expressed as means *= SD of
triplicate of representative of three-independent experiments.
Asterisks indicate significant differences (p < 0.05).

LPS; lipopolysaccharide, IFN; interferon, NO; nitric oxide
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Figure 3. HO-1 induction by quercetin in RAW264.7 cells
RAW264.7 cells were treated with various concentrations of
quercetin (0, 5, 10, 20 pM) for 4 h (A) or 8 h (B).
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indicate significant differences to control (p < 0.05).
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Figure 4. Autophagy induction by quercetin

0 5 1020mM) (A, B) RAW264.7 cells were treated with various

12 24

concentrations of quercetin (0, 5, 10, 20 uM) for 24
h. The expression levels of LC3-II (A), and the
expression and phosphorylation of p62 (B) were
analyzed by western blotting.

(C) RAW264.7 cells were treated with quercetin 20
uM for indicated times (0, 1, 2, 4, 8, 12, 24 h). The
expression and phosphorylation of p62 were
analyzed by western blotting.

Each protein level was quantified by densitometric
analysis. Relative protein levels were expressed as
fold change in protein level compared to that of
control.

LC3; microtubule-associated protein light chain 3
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Figure 6. Involvement of HO-1 in p62 induction by quercetin
WT RAW264.7 cells and HO-1KO RAW264.7 cells were treated
+ + with quercetin 20 uM or vehicle for 24 h. The protein level of p62
was analyzed by western blotting. Each protein level was
p62 - - quantified by densitometric analysis. Values were expressed as
fold change in expression level of p62/B-actin compared to that of
B-actin E control. Results are expressed as means + SD of triplicate of
representative  of three-independent experiments. Asterisks

0 indicate significant differences (p < 0.05).
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