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Abstract

The aims of this study were to investigate the impact of Soybean Isoflavones (SIFs) on the cellular
oxidative stress levels in hormone-sensitive type (LNCap) and hormone-insensitive type (DU145) of
prostate cancer, and to elucidate the main components and their roles in the transformation of
Androgen Dependency (AD)/Androgen Independency (AI). The LNCap and DU145 cells were treated
with different concentrations of SIFs monomer (including daidzin, genistin, daidzein, and genistein), and
the activities of Superoxide Dismutase (SOD) and Malondialdehyde (MDA) were then measured. The
content of Reactive Oxygen Species (ROS) in these two cells was also determined after treated with
certain effective monomer. The contents of MDA in the two kinds of cells treated with genistein and
daidzein were increased, but the contents of SOD were decreased in a concentration-dependent manner.
There was no significant difference between daidzin and genistin. The content of MDA in the DU145
cells was higher than that in the LNCap cells under the same conditions, but the content of SOD was
decreased, indicating that the oxidative stress level in DU-145 was higher than LNCap, and the ROS
level in DU145 treated with effective component was significantly higher than that in LNCap. Genistein
and daidzein in SIFs can affect the apoptosis and proliferation of prostate cancer cells through
increasing their oxidative stress levels, thus inhibit the transformation of prostate cancer toward

androgen-independent type.

Keywords: Soybean isoflavones, Oxidative stress, Prostate cancer, Androgen-independent transformation, Inhibition

mechanism.

Introduction

As the most common malignancy in male urinary system, the
global incidence rate of Prostate Cancer (PCa) has increased
significantly in near 20 years [1]. A large number of studies
have shown that the risk of PCa in males in Asian countries is
significantly lower than in Western countries [2], which also
have significant ethnic and regional differences. However, after
immigrated to Western countries or took the Western way of
life, the incidence of PCa in Asian populations has increased
significantly [3], which shows that in addition to genetic
factors, dietary compositions and living environments may
affect the occurrence and development of PCa. Numerous
studies have shown that the intake of soy, one of the main
dietary components of Asians, is inversely proportional to the
risk of PCa [4].

Androgen blockade therapy is the most effective treatment for
the patients with advanced PCa, but after about 18 to 24
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months of treatment [5], many patients will gradually progress
from androgen-dependency to androgen-independency, at
which time androgen blockade treatment is no longer effective
toward PCa, and PCa thus becomes Castration Resistant
Prostate Cancer (CRPC). Currently, there still lacks effective
treatment toward CRPC. Through our large number of clinical
work, we find that the probability of the PCa patients with
long-term soybean meal into CRPC is reduced to 44.7%, and
the average conversion period is extended to 37 months.

Soybean isoflavones are a kind of flavonoids widely
distributed in leguminous plants, mainly including daidzin,
daidzein, genistin, genistein, glycitein, orglycitin, among
which genistein and daidzein are more investigated recently.
As the main active ingredients in confronting PCa [6], the main
anti-cancer mechanisms of SIFs involve: 1. can negatively
regulate the androgen; 2. can regulate the cell cycle, regulate
such signal pathways as IGF-1, TGF-B, and Wnt/B-catenin, or
inhibit tyrosine kinase activity , thus inhibiting the proliferation

4992



of cancer cells; 3. can induce the apoptosis of cancer cells; 4.
can induce the autophagy, antioxidant defense, and DNA repair
mechanism; 5. can regulate DNA methylation, modify histone,
and regulate miRNA; 6. Can inhibit the DNA topoisomerase I
and II, and aromatase; 7. Can inhibit the angiogenesis and
metastasis in PCa [7-9]. Our pre-epidemiological study has
found that the probability of PCa transforming from hormone-
dependency to hormone-independency in the PCa patients with
long-term postoperative dietary soy products can be
significantly reduced. Meanwhile, the comparison of AD- and
Al-type PCa tissue before and after long-term dietary intake of
soy products reveals that the level of oxidative stress (reactive
oxygen species and reactive nitrogens) in Al-type PCa tissue is
significantly increased, together the contents of such oxidative
stress products as MDA and 4-HNE in the serum and urine of
PCa patients are significantly reduced, suggesting that
oxidative stress may participate in the AD/AI transformation of
PCa. Previous studies have shown that the antioxidant
properties of SIFs play an important role in a variety of chronic
diseases such as cardiovascular diseases, kidney diseases, or
diabetes mellitus [10,11]. Interestingly, studies also have
shown that SIFs play the role of antioxidation as well as
promote the oxidative stress [12,13], and this mainly depends
on the experimental environments. In this study, we
investigated the in vitro effects of SIFs on the oxidative stress
levels in AD- and Al-type PCa cell lines, and identified the
main components of SIFs that can affect the oxidative stress,
and further confirmed the roles of SIFs in the AD/AI
conversion of PCa, hoping to provide new possibilities for the
disease control of PCa as well as for the development of
individualized therapeutic drugs for CRPC.

Materials and Methods

Cell culture

The LNCap cells and the DU-145 cells (Cell Bank of Type
Culture Collection Committee, Chinese Academic Science,
Shanghai, China) were inoculated in 10%-FBS (Gibco,
Shanghai, China) -containing RMPI-1640 medium (Nanjing
Keygen Bio Tech Inc., Nanjing, China) (100 U/ml penicillin
and 100 pg/ml streptomycin) and incubated in an incubator
with 5% CO, and saturated humidity at 37°C.

Determination of cell viability

The LNCap and DU-145 cells in logarithmic growth phase
were separately into 96-well plates; the study set the blank
control group (cell-free 100 pL of culture medium for zero
adjustment), the control group (untreated cells), and the
experimental groups (with different concentrations of H,O,).
The latter two groups were added 100 pL of the cells (5 x
10%/ml) and incubated in 5% CO, at 37°C.

After 24-culture, H,O, was added into the wells of the
experimental groups with the final concentration as 25 pmol/L,
50 umol/L, 100 pmol/L, 200 pmol/L, 400 umol/L, 600 pmol/L,
800 pmol/L, and 1000 pmol/L, respectively, and the final
concentration of the solution was 200 pL. After 12 h
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incubation in 5% CO, at 37°C, 10 pL of CCK-8 reagent
(Nanjing Keygen BioTech Inc., Nanjing, China) was added to
each well, followed by 2 h incubation at 37°C. The OD values
of the wells were measured at 450 nm. The test was repeated 3
times for the average. The appropriate concentration of H,O,
was used to construct the oxidative stress model of PCa cell
line.

Detection of SOD and MDA

The cells in logarithmic growth phase were incubated into cells
flasks, and the groups were set as the following: the normal
control group, the SIF monomer-treatment groups (including
Daidzin, Genistin, Daidzein, and Genistein) (Gibco, Shanghai,
China) (concentrations of SIF monomer: 5 uM, 25 pM, 50 uM,
and 100 puM, respectively), the H,O,-treatment group (200
pM), the SIF monomer (5 pM, 25 uM, 50 uM, and 100 pM,
respectively)+H,O, (200 pM)-treatment groups; the treatment
periods of SIF monomer were 24 h and the treatment periods
of H,O, were 12 h, respectively. At the end of the intervention,
the SOD and MDA levels were detected according to the kit
instructions (Nanjing Keygen BioTech Inc., Nanjing, China).

Detection of ROS

The cells in logarithmic growth phase were incubated into cells
flasks, and the groups were set as the following: the normal
control group, the SIF monomer-treatment groups
(concentrations of SIF monomer: 5 uM, 25 pM, 50 pM, and
100 puM, respectively). The ROS level was detected by flow
cytometry (Nanjing Keygen BioTech Inc., Nanjing, China),
and the fluorescence intensity was analysed using laser
confocal scanning microscopy.

Statistical analysis

SPSS17.0 and Excel were used for the analysis, the analysis of
variance and the t test were used to determine whether the
difference was significant, with P<0.05 considered as
significant difference.

Results

Establishment of oxidative stress model of PCa cells

After the LNCap cells and the DU-145 cells were treated with
different concentrations of H,O, (25~1000 pM) for 12 h, the
cell viability was detected by the CCK-8 method. The results
showed that: (Figure 1A) 0~50 uM H,O, treatment had no
significant effect on the LNCap cells, but the cell viability was
significantly decreased after treatment with 50~1000 puM
H,0,, showing significant difference than the control group;
the I1Cs( concentration was 261.76 uM. (Figure 1B) 0~25 pM
H,0, treatment had no significant effect on the DU-145 cells,
but the cell viability was significantly decreased after treatment
with 50~1000 pM H,0,, showing significant difference than
the control group; ICsy concentration was 225.14 uM. After
combined the performance of the two cells, the appropriate
concentration of H,O, was determined to be about 200 uM.
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Figure 1. A. Effects of H,O, on the viability of LNCap cells. B.
Effects of H,0, on the viability of DUI145 cells.

Detection of SOD and MDA in the LNCap cells

The LNCap cells were treated with different concentrations of
SIF monomers in the presence or absence of H,O, for 24 h,
followed by detecting the contents of SOD and MDA. The
results of MDA (Figure 2) showed that LNCap cells treated
with 5 pm genistein/daidzein showed no obvious change
compared to the control group, but those treated with 25~100
pm genistein/daidzein showed significantly increased MDA
content in a concentration-dependent manner. The LNCap cells
treated with most concentrations of daidzin and genistin
showed no significant difference, only 50~100 pm genistin
showed slightly difference. The results of SOD (Figure 3)
showed that LNCap cells treated with 5 um genistein/daidzein
showed slightly difference compared to the control group, but
those treated with 25~100 pm genistein/daidzein showed
significantly decreased SOD content in a concentration-
dependent manner. The LNCap cells treated with different
concentrations of daidzin and genistin showed no significant
difference.

A B

g

MDA ( nmol/mgprat )
MDA ( nmol/mgprot }

- 5 25 50100 5 25 50 100 daidzin(uM )
- 200 200 200 200 H202( pM )

- 5 2550100 5 25 50 100 daidzein (M )
- 200 - - - - 200 200200200 H202(uM) - 200 - - =

MDA { nmel/mgprot )
MDA ( nmol/mgprot )

= 5 25 50100 5 25 50 100 genistein(uM )

- 5 25 50100 5 25 50 100 genistin (uM )
= 200 = = = = 200 200200200 H202(pM - 200 = =

= 200 200 200 200 H202 ( pM )

Figure 2. A. Detection of MDA in the daidzein-treated LNCap cells.
B. Detection of MDA in the daidzin-treated LNCap cells. C. Detection
of MDA in the genistein-treated LNCap cells. D. Detection of MDA in
the genistin-treated LNCap cells. (N=5, *Compared to the blank
control group, P<0.05; “*Compared to the H,O, (200 uM)-treated
control group, P<0.05).

Detection of SOD and MDA in the DUI145 cells

The DU145 cells were treated with different concentrations of
SIF monomers in the presence or absence of H,O, for 24 h,
followed by detecting the contents of SOD and MDA. The
results of MDA (Figure 4) showed that DU145 cells treated
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with 5 pm genistein/daidzein showed no obvious change
compared to the control group, but those treated with 25~100
pm genistein/daidzein showed significantly increased MDA
content in a concentration-dependent manner. The DU145 cells
treated with most concentrations of daidzin and genistin
showed no significant difference, only 100 um genistin showed
slightly difference. The results of SOD (Figure 5) showed that
LNCap cells treated with 5 um genistein/daidzein showed no
significant difference compared to the control group, but those
treated with 25~100 pm genistein/daidzein  showed
significantly decreased SOD content in a concentration-
dependent manner. The LNCap cells treated with different
concentrations of daidzin and genistin showed no significant
difference. The comparison of Figures 2 and 4 or Figures 3 and
5 showed that: under the same treatment conditions, the
oxidative stress level in the DUI145 cells was significantly
higher than in the LNCap cells, indicating that AI-PCa is in a
higher oxidation status.
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Figure 3. A. Detection of SOD in the daidzein-treated LNCap cells. B.
Detection of SOD in the daidzin-treated LNCap cells. C. Detection of
SOD in the genistein-treated LNCap cells. D. Detection of SOD in the
genistin-treated LNCap cells. (N=5, *Compared to the blank control
group, P<0.05; "*Compared to the H,O, (200 uM)-treated control
group, P<0.05).
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Figure 4. A. Detection of MDA in the daidzein-treated DUI45 cells.
B. Detection of MDA in the daidzin-treated DUI145 cells. C.
Detection of MDA in the genistein-treated DU145 cells. D. Detection
of MDA in the genistin-treated DUI145 cells. (N=5, *Compared to the
blank control group, P<0.05; **Compared to the H,O, (200 uM)-
treated control group, P<0.05).
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Impact of genistein and daidzein on ROS

As can be seen from Figures 2-5, the main effective
components of SIFs are genistein and daidzein. After treated
the LNCap cells and the DU-145 cells with different
concentrations of genistein and daidzein. The results (Tables 1
and 2) showed that the intracellular ROS level was
significantly increased in a concentration-dependent manner.
Under the same conditions, the ROS level in the DU145 cells
was statistically significantly higher than that in the LNCap
cells.
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Figure 5. A. Detection of SOD in the daidzein-treated DUI145 cells.
B. Detection of SOD in the daidzin-treated DU145 cells. C. Detection
of SOD in the genistein-treated DUI145 cells. D. Detection of SOD in
the genistin-treated DUI45 cells. (N=5, *Compared to the blank
control group, P<0.05; **Compared to the H,O, (200 uM)-treated
control group, P<0.05).

Table 1. Determination of ROS levels in LNCap and DU-145 treated
with different concentrations of daidzein (%).

Daidzein (uM) H,0, (M) LNCAP DU145
0 - 35.74 £ 4.42 41.48+£4.383
5 - 38.04 + 4.47 43.26 + 4.61

25 - 422+476 49.98 +5.02"
50 - 53.34 + 4.89° 60.58 + 3.88"
100 - 69.18 + 551" 7822 +4.97
0 200 50.64 + 4.96" 55.38 + 527"
25 200 58.7 +5.03" 64.58 + 4.68"
100 200 85.5+5.06" 91.1+5.19"

N=5, Compared to the control group,’P<0.05

Table 2. Determination of ROS levels in LNCap and DU-145 treated
with different concentrations of genistein (%).

Genistein (uM) H,0, (uM) LNCAP DU145

0 - 35.36 + 4.89 41.14£5.29
5 - 38.46 +5.13 4352 £4.77
25 - 43.32 £4.97" 51.12 £ 4.24
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50 - 55.58 £ 4.6" 62.6 + 4.65"
100 - 70.56 + 4.84 79.72 £ 4.57
0 200 52.82+4.79 57.78 + 4.66
25 200 60.18 £5.17" 67.9%4.21
100 200 88.26 £ 4.75 93.06 +4.55

N=5, Compared to the control group, P<0.05

Discussion

SIFs have attracted wide attention due to their anti-cancer
properties, and their anti-cancer mechanisms have become a
research  hotspot. However, the specific anti-cancer
mechanisms are still not fully understood thoroughly, among
which SIFs’ roles in regulating the oxidative stress may be one
of the mechanisms about the anti-cancer activities. We confirm
by determining the lipid peroxidation, antioxidant enzymes,
and intracellular ROS content of PCa cells that: SIFs play a
significant pro-oxidation role in PCa, which is also reported in
breast cancer cells [14,15].

Although the antioxidant properties of SIFs in the
cardiovascular system and other chronic diseases have been
generally recognized, under certain conditions, still exists
potential pro-oxidation characteristics. As for the field of anti-
tumor, its pro-oxidation effect may be more important than its
antioxidant effect. Many mechanisms of pro-oxidation in
confronting tumors have been proposed, including intracellular
metal ions (CUZ") mediated pro-oxidation [16], intracellular
ROS-mediated pro-oxidative cytotoxicity [17], phenol radicals/
Phenol redox complex [18], the mitochondrial pathway-
mediated apoptosis [19], etc. Compared to normal cells, the
redox system of tumor cells has lost balance, and the cells are
in a sustained oxidative stress state, the antioxidant defense
capacity of which has been significantly reduced than normal
cells. Moreover, because tumor cells grow faster had higher
level of metabolism, tumor cells are more likely to produce and
accumulate a large number of ROS. On one hand, tumor cells
are prone to appearing irreversible damage and apoptosis when
further oxidative damage exerts on the tumor cells and beyond
their antioxidant threshold; on the other hand, excessive ROS
itself may also act as a signaling molecule and participate in
regulating the initiation and transduction of a series of
apoptosis pathways [20]. In addition, a large number of
experiments have confirmed that the levels of copper ions in
the cells, tissues, and plasma of a variety of malignancies were
significantly higher than normal cells [21]. SIFs can induce
endogenous Cu?" metabolic pathways, thus promoting DNA to
occur fragmentation [22] and produce ROS [23,24], as well as
leading to cell death finally. Normal cells can tolerate such
strike due to their low basic ROS, Cu?' level, and good
antioxidant defense capability. These results could explain the
inhibitory effects of SIFs on the proliferation of tumor cells
and the pro-apoptosis effects of tumor cells in a dose-
dependent manner.
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In the present study, genistin and daidzein-treated LNCap cells
and DU-145 cells exhibited significantly increased ROS and
MDA, but the content of SOD was significantly decreased,
which became more obvious with the increase of
concentrations. Moreover, under the same conditions, the
DU-145 cells had higher ROS level than the LNCap cells,
suggesting that SIFs can induce the apoptosis and death of
tumor cells by promoting the oxidative stress level of tumor
cells, and such effects are much stronger toward Al PCa cells
than AD PCa cells. In summary, SIFs can promote the increase
of oxidative stress level in PCa cells, thus affecting the
occurrence of cell apoptosis and proliferation and inhibiting the
transformation of PCa from hormone-dependency to hormone-
independency. Such results suggest that SIFs have potential
treatment values toward CRPC. However, our current study
has not involved in the mechanism at the molecular level yet;
therefore, further studies are necessary so as to identify the
specific molecular mechanisms of SIFs, which can make us
much more thoroughly understand the inhibitory mechanism of
SIFs in preventing the Al transformation of PCa, and may
provide further theoretical basis for the treatment of CRPC.
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