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Abstract

AIM: To study the effects of daidzein on human pancreatic
cancer cells in vitro.

METHODS: Human estrogen-receptor (ER)-positive
pancreatic cancer cells MiaPaCa-2 and ER-negative pancreatic
cancer cells PANC-1 were treated by 0.1 nmol/L, 1 nmol/L,
10 nmol/L, 25 nmol/L, 50 nmol/L, 75 nmol/L and 100 nmol/L
of daidzein, respectively. Its antiproliferative effect was
studied by MTT assay.

RESULTS: Daidzein inhibited the growth of MiaPaCa-2
and PANC-1 cells at the concentrations from 0.1 nmol/L to
100 mmol/L. A dose- and time-dependent manner was found.
The ICs, of daidzein on MiaPaCa-2 and PANC-1 cells was
45 nmol/L and 75 nmol/L, respectively. After MiaPaCa-2 cells
were treated by daidzein for 3 d and at the concentrations
more than ICs, the inhibitory manner was identical and the
inhibition appeared a saturation phenomenon, but the
inhibitory manner of daidzein on PANC-1 cells was different
from that of MiaPaCa-2 cells.

CONCLUSION: Daidzein has antiproliferative effects on
human estrogen-receptor-positive and negative pancreatic
cancer cells, but their mechanisms may be different.
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INTRODUCTION

Phytoestrogens are natural compounds, which exhibit estrogen-
like activities. They have been thought to have a preventive
effect against a wide range of human conditions, including
breast cancer, bowel cancer, prostate cancer, colon cancer and
other cancers, cardiovascular diseases, brain function, alcohol
abuse, osteoporosis and menopausal symptoms*4. There are
three main classes of phytoestrogens, namely isoflavones,
coumestans, and lignans®. They are widely distributed in
soybeans, oil seeds, and vegetables. Soy contains a number of

isoflavones (such asgenistein, genistin, daidzein, and biochanin
A), which are found to have potential anticancer properties®.
Interestingly, phytoestrogens can not only inhibit the growth
of estrogen-receptor (ER)-dependent cancer cells, but also the
growth of ER-independent cancer cell§”. The mechanisms of
their anticancer effects include induction of apoptosis,
alterations of cell cycle distribution, etc.®9,

The morbidity of pancreatic carcinoma has taken an upward
trend all over theworld. In Occidental countries, the morbidity
of pancreatic carcinomahasincreased by 3to 7 timesin nearly
thirty years, and pancreatic carcinoma has become one of the
ten commonest malignant tumors'®. Only 15% of patientswith
pancreatic cancer could undergo resection and the overall
5-year survival rate was about 10%!*Y. |n recent years, many
advances in the diagnosis and treatment (including surgical
and adjuvant treatment) of pancreatic cancer have been
achieved?4,

Estrogen receptor has been found in many cases of
pancreatic tumor tissues and antiestrogen therapy has benefit
to some patients with pancreatic cancerd*®*l, Thereis evidence
to support the hypothesis that the increased incidence of
pancreatic cancer in Western communities might be related to
the relatively low dietary content and protective role of
naturally occurring plant hormones and related compounds*”.
Generally speaking, treatment of pancreatic cancer is still a
serious challenge to usg'?. The key problem is to seek novel
diagnostic methods, effective adjunctive therapy and the
mechanism of pathogenesis and progression of pancreatic
cancer. Pancreatic cancer is often detected in its late stages.
As aresult, it is very important to develop new potential
chemopreventive and anticancer reagentsfor pancreatic cancer,
especially those from nature. The effects of daidzein, one of
the rich compounds in Eastern countries traditional diet, on
human pancreatic cancer cells are unclear. In this study, we
observed the effects of daidzein on the growth of human
pancreatic cancer cellsin vitro.

MATERIALS AND METHODS

Materials

Daidzein was purchased from Sigma Chemical Co. (St. Louis,
MO) and dissolved in dimethylsulfoxide (DM SO). 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl! tetrazolium bromide
(MTT) was from Sigma. RPMI-1640 medium was from Life
Technologies (Grand Island, NY). Human pancreatic cancer
cell lines MiaPaCa-2 and PANC-1 were obtained from
Department of General and Gastroenterological Surgery, Osaka
Medical College, Takatsuki City, Japan.

Cell culture and treatment

Cellswere cultured in plastic flasks or multi-well platesat 37 C
in a humidified atmosphere of 50 ml/L CO, and 950 ml/L air
with RPM1-1640 medium containing 100 ml/L fetal calf serum,
50 000 U/L penicillin and 50 mg/L streptomycin. The medium
was changed every other day. Exponentially growing cellswere
used in experiments. For quantitative assays of proliferation,
1x10* MiaPaCa-2 or PANC-1 cells were seeded in 96-well
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platesin regular growth medium. Twenty-four hourslater, cells
were incubated in the medium with test compounds or 1 ml/L
DM SO (ascontral). Therewere 7 test groups. Their concentrations
of daidzein were 0.1 nmol/L, 1 mmol/L, 10 nmol/L, 25 mmol/L,
50 mmol/L, 75 mmol/L and 100 nmol/L, respectively. After
cellsweretreated for 1d, 2d, 3d, 4d, 5 dand 6 d, the growth
of cellswas monitored by MTT assay.

MTT assay

Sets of 12 wells were used for each dose and control in this
assay. When the growth time reached, 30 n. MTT solution
(2 g/L in PBS) was added into each well of a 96-well plate.
After cells were treated for 4 h at 37 °C, the medium was
removed and then 150 ni. DM SO was added into each well to
solubilize formazan. After that, the microplate was shaken on
arotary platform for 10 min. Finally, absorbance was measured
at 550 nm with aWellscan (Labsystems, USA). Theinhibitive
rate (%) = ((Aoontrol 'Ae<pe'i mem)/ Acontrol) x100%.

Statistics

Statistical analysiswas performed using SPSS software 10.0.
Student’ s t-test was used to make a statistical comparison
between groups. The level of significance was set at P<0.05.

RESULTS

Morphologic change of the cells

The effects of daidzein on the growth of pancreatic cancer
MiaPaCa-2 and PANC-1 cells were tested over a range of
concentrations from 0.1 mmol/L to 100 mmol/L. The changes
of configuration and number were observed under a
microscope (Figures 1, 2). Both pancrestic cancer cellstreated
by daidzein grew dower than control (Figures 1, 2). The higher
the concentration of daidzein, the less the number of cells.

Inhibitory effect of daidzein on estrogen-receptor-positive
pancreatic cancer cells

Estrogen-receptor-positive MiaPaCa-2 cells were treated by
various concentrations of daidzein for 1 d to 6 d. At the
concentrations from 0.1 nmol/L to 100 mmol/L, especially at
50 nmol/L, 75 mmol/L, and 100 mmol/L, daidzein inhibited
the growth of cells (P<0.01) in a time-dependent manner
(Figure 3). When cells were treated for 3 d, 50% inhibitory
rate might be reached. The ICs, was 45 nmol/L. At the
concentrations of more than |Cs, the inhibitory patterns were
identical (P>0.05, Figure 3).

Inhibitive rate (%)

Day

Figure 3 Inhibitory effects of daidzein on growth of estrogen-
receptor-positive pancreatic cancer MiaPaCa-2 cells. 0.1 nmol/L,
1 nmol/L, 10 nrmol/L, 25 nmol/L, 50 nmol/L, 75 nmol/L and
100 nmol/L of daidzein were used, respectively.

Inhibitory effect of daidzein on estrogen-receptor-negative
pancreatic cancer cells

ER-negative pancreatic cancer PANC-1 cells were treated by
daidzein. A dose-dependent effect was observed (Figure 4;
10 nmol/L, 25 mmol/L, 50 nmol/L and 75 mmol/L, P<0.05;

Figure 1 Morphologic changes of MiaPaCa-2 cells treated by daidzein. A: Control, B: Cells treated by 10 nmol/L of daidzein for

3d, C: Cells treated by 75 nmol/L of daidzein for 3 d (x200).

Figure 2 Morphologic changes of PANC-1 cells treated by daidzein. A: Control, B: Cells treated by 10 nmol/L of daidzein for 3 d,

C: Cells treated by 75 nmol/L of daidzein for 3 d (x200).
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100 nmol/L, P<0.01). When cells were treated for 2 d, 50%
inhibitory rate might be observed. The 1Cs, was 80 mmol/L on
day 2 and 75 mmol/L on day 3.

Inhibitive rate (%)

Figure 4 Inhibitory effects of daidzein on growth of estrogen-
receptor-negative pancreatic cancer PANC-1 cells. 0.1 nmol/L,
1 nmol/L, 10 rmol/L, 25 nmol/L, 50 nmol/L, 75 nmol/L and
100 nmol/L of daidzein were used, respectively.

DISCUSSION

There hasbeen an increasein theincidence of pancreatic cancer
recent years®®2, The pattern of its increase had some
similarities to the high incidence of breast cancer in women
and prostate cancer in men in Western communities”. Typical
Western diets have alow content of natural plant hormones,
phytoestrogens, which are beneficial to our health™. They
exerted their anticancer effects by their specific bi-effects,
estrogenic and antiestrogenic properties?24, On the one hand,
they acted as antiestroges by competing with endogenous
estrogensfor receptor binding sites, and decrease the promoting
effects of high levels of endogenous estrogens®!. On the other
hand, they could inhibit the activities of tyrosine protein kinase,
DNA topisomerase, angiogenesis and antioxidant!?-29,

Hormone products were related to the pathological
behaviors of several carcinomas (including colorectal
carcinoma, gastric carcinoma, pancreatic carcinoma, etc.) and
might help to predict the prognosis and effectiveness of
endocrine therapy for some kinds of carcinomas®**2, Asto
pancreatic carcinoma, there wereindications of possible effects
of sex hormones®3. The pancreatic cell lines, MiaPaCa-2 and
PANC-1, used in our study were ER positive and negative
cells, respectively®*, We found that daidzein inhibited the
growth of both ER positive and negative pancreatic cancer
cells. However, their inhibitory patterns were different. For
ER-positive cells, MiaPaCa-2, when the concentrations of
daidzein were higher thanthelevel of I Cy, theinhibitory effect
would not significantly increase. It indicated that its
antiprolifertive effect was exerted by binding to ER and
appeared a saturation phenomenon. For PANC-1, an ER-
negative cell, the saturation phenomenon was not found and
the inhibition was in a dose-dependent manner. 1ts 1Csowas
higher than that of MiaPaCa-2, indicating that for the
chemoprevention of ER-negative pancreatic cancer, high
concentrations of daidzein should be used.

The antiestrogen reagent, tamoxifen was a choice of
hormonal therapy for pancreatic cancer!**=, The favorable
responseto thistherapy and survival of patientswere dependent
on whether the patients’ tumor cells were estrogen receptor
positive or not!*®!. The presence or absence of estrogen receptors
was also important in determining the effects of phytoestrogens
on pancreatic cancer cells. A report used four kinds of
phytoestrogens to study human pancreatic cancer cells showed
that equol and coumestrol had anticarcinogenic effects on
human ER positive pancreatic cancer Su86.86 cells. However,

they stimulated the growth of human ER negative pancreatic
cancer HPAF-11 cells, genistein stimulated the growth of
HPAF-11 cells but had little effect on Su86.86 cells. Another
phytoestrogen, biochanin A, inhibited the growth of both
Su86.86 cells and HPAF-11 cellg%. Our results showed that
daidzein, another main phytoestrogen, had inhibitory effects
on both ER positive and negative pancreatic cancer cells. As
phytoestrogens are alarge group of compounds, the possibility
of gender differences in response to these reagents may be
important in determining their ability to act as chemoprotective
reagents for pancreatic cancer.
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