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Extract of Vinegar "Kurosu'" from Unpolished Rice Inhibits the
Proliferation of Human Cancer Cells
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The effects of the ethyl acetate extract of "Kurosu" (EK), Japanese traditional vinegar from unpolished rice, on
the proliferation of a variety of human cancer cell lines were investigated by using the alamar blue assay. Cancer
cell lines included colon adenocarcinoma (Caco-2), lung carcinoma (A549), breast adenocarcinoma (MCF-7),
bladder carcinoma (5637), and prostate carcinoma (LNCaP) cells. EK inhibited the proliferation of all tested cell
lines in a dose-dependent manner, with inhibition mostly pronounced in Caco-2 cells (up to 62% inhibition at a
dose level of 0.025%). Flow cytometry of EK-treated Caco-2 cells showed a decrease in cell number in the G,/M
phase and an increase in the sub-G, phase (apoptotic). In addition, DNA fragmentation was detected in Caco-2
cells cultured with EK by immunostaining. RT-PCR analysis revealed p21 mRNA expression was induced in EK-
treated Caco-2 cells. Moreover, PARP cleavage was promoted in EK-treated Caco-2 cells. These results suggest

that EK causes G /G, arrest through p21 induction and, thus, is a potential apoptosis inducer in Caco-2 cells.
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Vinegar, which can be made from rice, apple, wine
and various other substances, is a widely used acidic
seasoning. One of the most common traditional vine-
gars in Japan, "Kurosu", is produced from unpolished
rice, containing rice bran, through static surface acetic
acid fermentation (1). "Kurosu" is characterized by the
higher contents of amino acids and organic acids as
compared to other vinegars. Physiologically, "Kurosu"
has been shown to have various properties, including
the prevention of hypertension in SHR rats (2).

We previously found the antioxidant activity of
"Kurosu" (3), and isolated the active compounds, dihy-
droferulic acid (DFA) and dihydrosinapic acid (DSA),
in "Kurosu". They are phenolic compounds related to
ferulic and sinapic acids, respectively (4). In addition,
we reported that an extract of "Kurosu" significantly
suppressed  12-O-tetradecanoylphorbol-13-acetate
(TPA)-induced oxidative stress and tumor promotion
(3). More recently, we found that an ethyl acetate
extract of "Kurosu" (EK) inhibits colonic aberrant
crypt foci (5), which are putative precursor lesions for
colonic adenocarcinoma in rats (6), suggesting poten-
tial cancer chemopreventive substance against colon
cancer. However, there are no reports on the effect of
EK on human cancer cell lines.

In this study, we investigated the effect of EK on
the growth of various human cancer cells. Since the
frequency of malignancies in lung, colon, breast, and
urinary bladder has been increasing in Japan, we chose
human cancer cell lines, Caco-2 (a colon cancer cell
line), A549 (a lung cancer cell line), MCF-7 (a breast
cancer cell line), 5637 (a bladder cancer cell line), and
LNCaP (a prostate cancer cell line) to examine antipro-
liferative effects of EK. In addition, we analyzed the
effects of EK on cell cycle, apoptosis, and several pro-
teins involved in cell cycle and apoptosis in Caco-2
cells.

Materials and Methods ~

Chemicals and cell lines. "Kurosu" was made by
Tamanoi Vinegar Co., Ltd. (Nara, Japan). The Caco-2,
5637, A549, and MCF-7 cell lines were purchased
from Riken Cell Bank (Ibaraki, Japan), and LNCaP
cells were purchased from Dainippon Pharmaceutical
Co., Ltd. (Osaka, Japan). RPMI 1640 medium, non-
essential amino acid solution, and trypsin were pur-
chased from Life Technologies (Tokyo, Japan). Eagle's
minimum essential medium (MEM) and Dulbecco's

69



UWOLVLIUWAL PV VIVUOLY V). YYD UUOVLIUWW ULL

Amberlite XAD-4, and the resin was washed with ion-
exchanged water to remove non-adsorbed material.
The adsorbed fraction was eluted with methanol, and
the solvent was evaporated under reduced pressure.
The residue was extracted with ethyl acetate, and the
solvent was evaporated under reduced pressure. The
resulting EK (yield, 0.4 g/L “Kurosu™) was dissolved
in DMSO and used for assays.
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Cell culture. Caco-2 cells were cultured in MEM
(pH 7.4) supplemented with 20% FBS and 1% non-
essential amino acid solution, while MCF-7 cells were
cultured in the same medium, except that the concen-
tration of FBS was 10%. A549 cells were cultured in
DMEM (pH 7.4) supplemented with 10% FBS, while
the 5637 and LNCaP cell lines were cultured in RPMI
1640 supplemented with 10% FBS. All cell lines were
maintained at 37°C in a humidified 5% CO, atmos-
phere.

Cell proliferation assay. Exponentially growing
cells were seeded in 96-well cell culture plates and
allowed to adhere for 24 hrs. The initial cell density of
the A549 cells was 5 x 10*/well and that of the other
cells was 2 x 10%/well. After 24 hrs, EK was added to
the medium, at concentrations of 0%, 0.01%, 0.025%,
0.05%, 0.075% and 0.1%, and cells were allowed to
grow for another 72 hrs except for the Caco-2 cell line,
which was allowed to grow for 96 hrs after the addition
of EK. Since EK was dissolved in DMSO, the solvent
concentration was kept constant, at 0.2%, in all exper-
iments. Cell counts were determined by a protocol
using alamarBlue™ (Biosource International Inc.,
Camerillo, CA), which becomes fluorescent after
reduction by the metabolic activity of living cells.
After 3 hrs of incubation with alamarBlue™ at 37°C in
a humidified 5% CO, atmosphere, cell counts were
determined based on a calibration curve for each cell
line. The calibration curve was generated using cell
numbers between 5 x 107 and 1.6 x 10° cells, and
adjusted after the determination of cell numbers with a
hemocytometer. Fluorescence was measured at 590 nm
after excitation at 544 nm using a fluorescence multi-
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with propidium iodide. Cells (2.0 x 10° per 25-cm? cul-
ture flask) were incubated for 24 hrs. EK was added to
each flask, to a final concentration of 0.025% and
0.05%, and the cells were further incubated. After 24
hrs, 48 hrs, 72 hrs, and 96 hrs, the cells were
trypsinized and collected (5 x 10° cells/tube). The cells
were fixed by suspending the pellet in cold 70%
ethanol and stored at -20°C until use. The cells were
subsequently centrifuged for 5 min, resuspended in
Phosphate-Citrate Buffer (192 mM Na HPO,, 4 mM
citric acid), and incubated for 30 min at room temper-
ature. After centrifugation for 5 min, the pellet was
resuspended and incubated for 20 min in 10 pg/ml PI,
1 pg/ml RNase. Cell cycle analysis was performed
using EPICS XL (Beckman Coulter, Inc., Fullerton,
CA).

Immunocytochemistry. Caco-2 cells were seeded in
25-cm? culture flasks and incubated with EK as
described above. After 100 hrs of incubation with EK,
the cells were trypsinized, collected, prepared on slide
glasses, and stored in 95% ethanol until use. To detect
apoptotic cells, the slides were immunostained with
rabbit polyclonal antibody to single stranded DNA
(DakoCytomation, Kyoto, Japan), according to the
manufacturer's instructions (7, 8).

RT-PCR. Caco-2 cells, incubated for 24, 48, and 72
hrs with EK, were trypsinized and collected (2 x 10°
cells/tube). Total RNA was purified with Isogen (Nip-
pon Gene, Tokyo, Japan) and reverse transcribed to
c¢DNA. PCR was performed using the oligonucleotide
primers as follows; p21, (F) 5-AAAGGCCCGCTC-
TACATCTT-3' and (R) 5-ACAAGTGGGGAGGAG-
GAAGT-3"; GADD45, (F) 5'-TGCCATTATCTCAAA
GGTGA-3' and (R) 5'-GAAGCCTGCT-
TATTCGCAGTA-3'; GAPDH, (F) 5-CGAGATCC-
CTCCAAAATCAA-3' and (R) 5-AGGTCCAC-
CACTGACACGTT-3.

Western blotting. Caco-2 cells, incubated for 24, 48,
and 72 hrs with EK, were trypsinized and collected (2
x 10° cells/tube). The cells were resuspended in RIPA


















