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Naringenin, a naturally occurring citrus flavonone, is a potentially valuable candidate for cancer
chemotherapy. However, the cellular and molecular mechanisms responsible for its anticancer activity
are largely unknown. In the present study, we attempted to elucidate the mechanisms responsible for
naringenin-induced apoptosis in human leukemic U937 cells. We found that naringenin markedly in-
hibited the growth of U937 cells by decreasing cell proliferation and inducing apoptosis, which was
associated with the activation of caspases. A pan-caspase inhibitor, z-VAD-fmk, significantly inhibited
naringenin-induced U937 cell apoptosis, indicating that caspases are key regulators of apoptosis in re-
sponse to naringenin in U937 cells. Although the levels of antiapoptotic Bcl-2 and proapoptotic Bax
proteins remained unchanged in naringenin-treated U937 cells, Bcl-2 overexpression attenuated nar-
ingenin-induced apoptosis. Furthermore, combined treatment with naringenin and HA14-1, a
small-molecule Bcl-2 inhibitor, effectively increased the apoptosis through enhancement of XIAP
down-regulation, Bid cleavage, and caspase activation, suggesting that the synergistic effect was at
least partially mediated through the death receptor-mediated apoptosis pathway.
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Fig. 1. Inhibition of cell proliferation by naringenin in human
leukemic U937 cells. Cells were seeded at a density of
2x10° cells/ml and then treated with the indicated con-
centrations of naringenin. After treatment for 24 hr, the
proliferation of U937 cells was evaluated with a trypan
blue exclusion assay. The results are expressed as the
mean * SD of three independent experiments. The stat-
istical significance of the results was analyzed by a stu-
dent’s #test (* p<0.05 vs. untreated control).
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Fig. 2. Induction of apoptotic cell death by naringenin in U937
cells. (A) After treatment for 24 hr, the cells were
stained with FITC-conjugated Annexin-V and PI for
flow cytometry analysis. The apoptotic cells were de-
termined by counting the percentage of Annexin
V*/Plcells and the percentage of Annexin V*/PI cells.
The data is the mean of two different experiments. (B)
For the DNA fragmentation analysis, genomic DNA
was extracted, separated by 1.5% agarose gel electro-
phoresis, and visualized under UV light after staining
with EtBr. The marker indicates a size marker of the
DNA ladder.
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Fig. 3. Caspase-dependent apoptosis by naringenin in U937 cells. (A) Cells were incubated with the indicated concentrations of
naringenin for 24 hr. Equal amounts of cell lysates were then resolved by SDS-polyacrylamide gels and transferred to
nitrocellulose membranes. The proteins were visualized using the indicated antibodies and an ECL detection system.
Actin was used as an internal control. (B) The cells grown under the same conditions as (A) were stained with FITC-
conjugated Annexin-V and PI for flow cytometry analysis. The data is the mean of two different experiments.
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Fig. 4. Effects of Bcl-2 overexpression on naringenin-induced apoptosis in U937 cells. (A) Cells were incubated with the indicated
concentrations of naringenin for 24 hr. Equal amounts of cell lysates were then resolved by SDS-polyacrylamide gels and
transferred to nitrocellulose membranes. The proteins were visualized using anti-Bcl-2 and anti-Bax antibodies and an ECL
detection system. Actin was used as an internal control. (B and C) U937/vector or U937/Bcl-2 cells were treated with 300
UM naringenin for 24 hr, after which they were stained with FITC-conjugated Annexin-V and PI for flow cytometry analysis.
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(150 uM) alone or in combination with HA14-1 (10 uM) for 24 hr, after which equal amounts of cell lysates were resolved
by SDS-polyacrylamide gels, transferred to nitrocellulose, and then probed with the indicated antibodies. The proteins were
visualized using the indicated antibodies and an ECL detection system. Actin was used as an internal control. (B) The cells
grown under the same conditions as (A) were fixed and stained with DAPI. The stained nuclei were then observed under
a fluorescent microscope using a blue filter (Magnification, x400).
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