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cells by increasing the P14 tumor suppressor gene

Mehdi Nikbakht Dastjerdi”, Saeed Zamani, Mohammad Mardani, and Batool Hashemi Beni

Department of Anatomical Sciences, School of Medicine, Isfahan University of Medical Sciences, Isfahan, I.R. Iran.

Abstract

In this study, we evaluated the effects of all-trans retinoic acid (ATRA) alone or in combination with
genistein (GEN) in p14 tumor suppressor gene and subsequent apoptosis of human ovarian carcinoma cells
(OVCAR-3). The cells were treated with ATRA or GEN at concentrations of 50 and 25 uM respectively,
either alone or in combination for 24 and 48 h. The cell viability was evaluated using 3-(4, 5-
dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide (MTT) assay. The percentage of cell apoptosis was
determined using flow cytometry and p14 gene expression was measured using real time PCR. The MTT
results showed that in both ATRA and GEN treated groups, the cell viabilityviability in group treated for 48
h was significantly lower than group treated for 24 h. The flow cytometry results showed that the percentage
of apoptotic cells in groups that treated with ATRA and GEN in combination for 24 h and 48 h was
significantly more than all other tested groups. The real time results showed that the mRNA level of p14 in
cells treated with both drugs for 48 h was significantly higher than all other groups. In conclusion, we
confirm that GEN in combination with ATRA is an effective strategy to up regulate the pl4 tumor
suppressor gene and induce cell apoptosis in OVCAR-3 cell line.
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INTRODUCTION

Ovarian cancer is the second most common
gynecological malignancy and the main cause
of death from cancer in women. Every year
about 22000 cases of ovarian cancer are
diagnosed in the USA (1). In recent years
surgery and chemotherapy are the main
therapeutic methods for many types of
cancers. Statistics show that only 45 percent of
women who have been diagnosed with ovarian
cancer survived more than 5 years. In some
cases of ovarian cancer the disease returns
15 months after the initial treatment (2).
Therefore, finding of effective new approaches
for ovarian cancer treatment is necessary.

It is clearly recognized that 90-95% of
cancers are caused by epigenetic factors, while
the remaining is related to genetic alterations
(2,3). Previous studies have shown that the
epigenetic changes of tumor suppressor genes
are one of the main causes of ovarian cancers
(4). One of the most important tumor suppressor
genes is pl4**F (5) (also called ARF tumor
suppressor, ARF, pl4ARF), an alternate
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reading frame protein product of the CDKN2A
locus and accumulates mainly in the nucleolus.
P14**" can cause cell growth arrest and
apoptosis via two p53-dependent and
independent pathways (6,7). The pl14**F
promoter contains numerous CpG islands and
therefore is prone to epigenetic alterations and
gene down regulation. In recent years
investigations have shown that the epigenetic
alteration of p14™*" promoter is one of the
important causes of down regulation of this
gene in many cancers such as colorectal (8),
colon, hepatocellular carcinoma (9), esophagus
(10) and urinary bladder cancers (11). Previous
studies showed the down regulation of p14**" is
due to epigenetic alteration in ovarian cancer
cells (6).

The OVCAR-3 cell line that used in this
study is a highly metastatic, drug resistant
human ovarian carcinoma cell line, and previous
studies have shown the down regulation of pl4
gene in this cell line (12,13).
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All trans retinoic acid (ATRA) is one of the
derivatives of vitamin A which can prevent
carcinogenesis in 3 mechanism: cell apoptosis
induction, abnormal cell growth arrest, and
differentiation of abnormal cells to normal
(14,15). Of these three mechanisms, the ability
of ATRA in induction of apoptosis is the
interest in cancer treatment. Although a
number of mechanisms by which ATRA leads
to apoptosis have been studied, however, the
details do not fully understand (16). It seems
that one of these mechanisms is modification
of epigenetic alterations (9). The role of
ATRA in the modification of epigenetic
changes in malignancies has been shown in
many studies (17). However, the use of ATRA
in cancer treatment alone has some limitations
(18). It seems that, ATRA in combination with
other drugs which modify epigenetic alterations
is the appropriate method for the treatment of
various cancers including ovarian cancer.

Genistein (GEN) may be a suitable choice
for use with ATRA that modifies epigenetic
alteration in p14”*". This isoflavone can be
found in large quantities in soybean (19), and
its effects have been studied in various
reactivate tumor suppressor genes in many
cancers such as uterus, brainand breast (3).
Choi, et al. showed the apoptotic effects of
GEN in ovarian SK-OV3 cell line (20).This
study was performed to investigate the effects
of ATRA and GEN on pl4 tumor suppressor
gene expression and subsequent apoptosis of
OVCAR-3 ovarian cancer cell line.

MATERIALS AND METHODS

Cell toxicity studies

The OVCAR-3 cell line was purchased
from National Cell Bank of Iran Pasteur
Institute and was transferred to the cell culture
laboratory. For proliferation, the cells were
seeded in T7s flasks and the Roswell Park
Memorial Institute (RPMI 1640) (Sigma,
USA), containing 10% fetal bovine serum
(Sigma, USA), 1% antibiotics including
10,000 units/mL penicillin G sodium (Sigma,
USA), 10,000 pg/mL streptomycin sulfate and
25 pg/mL amphotericin B (Sigma, USA) and
1% sodium pyruvate (Sigma, USA) were
added into the flasks and then incubated at
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37 °C in a humidified atmosphere with
5% CO2 / 95% air. The media were changed
every 48 h. The sufficient number of cells to
perform assessment procedure was achieved.
Both ATRA (Sigma, USA) and GEN (Sigma,
USA) were dissolved in dimethyl sulfoxide
(DMSO) (Sigma, USA). The DMSO
concentration in the medium was less than
0.1% and was not cytotoxic to the tumor cells.
The cells were divided in 7 groups, two groups
were treated with ATRA for 24 h or 48 h
(ATRA24 and ATRAA4S8), two groups with
GEN (GEN24 and GEN48), two groups with
combination of both drugs (AG24 and AG 48),
and the untreated group as the control.

Determination of 1Csq values

MTT was purchased from Sigma (St. Louis,
MO, USA). The cells were harvested using
trypsin digestion from flasks and centrifuged
in 1400 RPM/5 min. After washing with
phosphate buffered saline (PBS), 5 x 10 ° cells
were counted and placed into each well of the
two 24-well culture plates. The next day after
24 h, different concentrations of ATRA
(5, 10, 15, 25, 50, and 75 pM) and GEN
(1, 2.5, 5, 10, 25, and 50 uM) were added to
the medium. After 24 and 48 h of treatment,
the MTT survival assay was then carried out
for determination of the cell viability with
different drug concentration. Cell viability was
measured spectrophotometrically at 570 nm.
All experiments were repeated three times,
with at least three measurements (triplicates).

Measurement of cell viability by MTT assay
To measure cell viability MTT assay was
used. Briefly, the cells in the 24 well-plates
were treated with ATRA (with concentration
of 25 uM) and GEN (with concentration of
50 uM), separately and in combination for 24
and 48 h. Then MTT solvent was added for 4 h
at 37 °C. The formazan compound derived
from MTT by mitochondrial dehydrogenases
of living cells were dissolved in DMSO and
quantified by measuring absorbance at 550 nm.

Measurement of apoptosis by flow cytometry
For determination of apoptotic cell

percentage, firstly 5 x 10 ° cells in various

groups were seeded in each well of 24 well-



plates and then treated for 24 and 48 h by
ATRA (with concentration of 25 uM) and
GEN (with concentration of 50 pM),
separately and in combination together. After
washing with PBS, the cell suspension was
centrifuged (1400 rpm and 8 min).
Then the cells were suspended in binding
buffer (1x5 pL) and AnnexinV-FITC was
added to the cell suspension. Analysis was
carried out according to the manufacturer’s
protocol (BMS500F1/100CE AnnexinV-FITC,
eBioscience, USA). In the next step the
apoptotic cells were counted by FAC Scan

flow cytometry (Becton Dickinson,
Heidelberg, Germany).

Real-time quantitative RT-PCR

Real-time PCR was performed to
quantitatively — evaluate the P14 gene

expression after the treatment of cell groups
with ATRA, GEN, and their combinations.
Total RNA was isolated by RNeasy mini kit
(Qiagen, Hilden, Germany) according to the
manufacturer’s protocol and in then treated
with RNase free DNase (Qiagen, Hilden,
Germany) to eliminate the genomic DNA.

The RNA concentration was determined
using a Biophotometer (Eppendorf). Total
RNA (100 ng) was reverse transcribed to
CDNA by using the RevertAid™ First Strand
CDNA Synthesis Kit (Fermentas, USA)
according to the manufacturer’s instructions.
Real-time RT-PCR was done with the Maxima
SYBR Green RoxqPCR master mix kit
(Fermentas, ~USA) according to the
manufacturer’s instructions. The Maxima
SYBR Green Rox qPCR master mix kit
(Fermentas, USA) was used for real-time
RT-PCR. P14 primers were designed by oligo
V7.56 software and shown in Table 1.
Real-time PCR reactions were performed
using Step one plus (Applied Biosystem,
version 2.3). The PCR amplification

Table 1. Primers used in real-time PCR

ATRA and GEN on p14 gene expression

conditions was 10 min at 95 °C followed by 40
cycles of denaturation step at 95 °C for 15 Sec
and annealing and extension for 1 min at 60
°C. Data were analyzed using the Comparative
CT (AAct) method.

The relative expression level of P14
expression was calculated by determining a
ratio between the amount of this gene and that
of endogenous control. Melting curve was
used to determine melting temperature of
specific amplification products and primer
dimmers.

Statistical analysis

All the quantitative data are presented as
the mean + standard deviation. One-way
analysis of variance (ANOVA) with Tukey
post hoc test was performed to determine
statistical ~ significance among  different
groups using SPSS software package 20.0.
Significance was accepted at a level of
P <0.05.

RESULTS

I1Csp assay

The effect of ATRA and GEN on cell
viability in OVCAR-3 cell line was evaluated
using MTT according to standard protocol.
The results showed that both ATRA and GEN
inhibit the cell growth significantly in all
treatment groups and the essential drug
concentration to obtain the ICsg in OVCAR-3
cells at 24 h was 50 uM for ATRA and 25 pM
for GEN (Fig. 1). The effect of ATRA and
GEN on cell toxicity was found to be
concentration dependent dependent.

MTT assay

The effect of drugs on cell proliferation was
evaluated using the MTT proliferation assay in
OVCAR-3 cell line. The concentrations of the
drugs were used based on their 1Cs.

Primers ID Primers Sequences

P14 forward GAAGGTCCCTCAGACATCCC
P14 reverse GAAAGCGGGGTGGGTTGT
GAPDH forward AAGCTCATTTCCTGGTATG
GAPDH reverse CTTCCTCTTGTGCTCTTG
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After treatment with ATRA and GEN,
separately or in combination, cell proliferation
was determined 24 h and 48 h after the
treatment period.

Untreated Cells were considered as the
control group. Cell viability in all treated
groups was significantly lower than that of the
control group. In both ATRA- and GEN-
treated groups, the cell viability in groups
treated for 48 h was significantly lower than
cells treated for 24 h.

The cell viability in AG48 was significantly
lower than ATRA24 or GEN24, but the
differences in the cell viability between
AG48 with ATRA48 and GEN48 was not
significant (Fig. 2).

Flow cytometry assay

Flow cytometry was performed to
determine the percentage of apoptotic cells
visualized using Annexin V-FITC and/or PI
staining. 4 x 10° cells/mL was analyzed for
each group. The flow cytometry results
indicated that the percentage of apoptosis in all
treated groups was significantly more than that
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of the control group except for GEN24 and
ATRAZ24. The percentage of apoptotic cells in
the GEN48 was significantly more than that of
the ATRA48 group. The percentage of cell
apoptosis in groups AG24 and AG48 was
significantly more than the other groups
(Figs. 3A and 3B).

Real time PCR

To examine the effect of ATRA and GEN
at various times on the expression of p14 gene
in OVCAR-3 cells, real-time quantitative PCR
was employed.

The expression of pl4 gene in all groups
was significantly more than that of the control
group. Significant differences in mRNA levels
of pl4 were observed for AG24 compared to
that of the control, ATRA24 and AG48. The
pl4 gene expression in the AG48 group was
significantly higher than that of all other
groups.

There was a significant difference between
the expressions of pl4 gene in the GEN24
group compared to that of the ATRA24

group (Fig. 4).

—=— ATRA
—+— GEN

25 50 75

Concentration (uM)

Fig. 1. ICs, assay of ATRA and GEN in OVCAR-3 cancer cell lines. Cells incubated with/without the drug in various
concentrations and the relative amount of viable cells determined by measuring the absorbance of MTT solution. Graph
of viability versus drug concentration used to calculate ICs, values.
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Fig. 2. MTT assay at ICsy concentrations of ATRA and GEN alone and in combination at 24 and 48 h after the
treatment. *, Significant difference vs control group (P < 0.05). §, Significant difference of ATRA24 vs ATRA48 and
AG48. #, Significant difference of GEN24 vs GEN48 and AG48.
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Fig. 3. (A) the apoptosis inducing effects of ATRA and GEN investigated by flow cytometric analysis on OVCAR-3
cells stained with Annexin V-FITC and/or Propidium lodide. (B) effects of ATRA and GEN on apoptosis of OVCAR-3
cells at 24 and 48 h. *, Significant difference versus control group (P < 0.05). {, Significant difference of GEN48 vs
ATRAA4S. #, Significant difference of AG24 vs all other groups. x, Significant difference of AG48 vs all other groups.
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Fig. 4. Effects of ATRA and GEN on the levels of p14 expression in OVCAR-3 cells at 24 and 48 h after the treatment.
*  Significant difference vs control group (P < 0.05). 1, Significant diference of AG24 vs AG48 and ATRA24. #,
Significant difference of AG48 vs other groups. X, Significant difference of GEN24 vs ATRA24.

DISCUSSION

In many of the studies that have focused on
finding new ways to treat cancer, researchers
are trying to find drugs that can in different
ways induce cancer cells apoptosis. Recent
studies have shown that ATRA can inhibit
carcinogenesis by inducing apoptosis in cancer
cells (9,15). Although it’s molecular
mechanisms are still not clearly defined, but
several hypotheses have been proposed. Heo et
al. showed ATRA with the modification of
epigenetic changes in promoter of tumor
suppressor genes activates p53 dependent
pathway and induces cell apoptosis (9). ATRA

can bind to related receptors, activates
downstream effectors, and induce cell
apoptosis and cell differentiation (21).

Although vitamin A derivatives recommended
by the Food and Drug Administration (FDA)
for the treatment of various cancers including
lymphoma (22), but recent studies have shown
that high doses of these agents can have side
effects (22) and even induce angiogenesis in
tumor. Maeno et al investigated the effect of
ATRA on bronchoalveolar carcinoma cells
and measured vascular endothelial growth
factor (VEGF) mRNA expression and protein.
Their results showed that the VEGF increases
in groups treated with ATRA (23). Therefore,
we used GEN in combination with ATRA,
because previous studies have shown that
GEN causes down regulation of VEGF gene in
cancer cells (24,25). As a result GEN can
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attenuate angiogenesis effect of ATRA and
enhance its antitumor effects. The results of
several studies have shown that GEN can
induce cell apoptosis in breast (26), prostate
(27), leukemia, lung, and head and neck
carcinoma cells (28-34). This isoflavone can
also induce autophagocytosis in some cancer
cells (29). Therefore, this drug could probably
be a good choice in combination with ATRA
to inhibit cancer cell growth.

The results of real time PCR in the present
study showed that the pl4 gene expression in
the AG48 group was significantly greater than
all other groups. According to these results,
long term exposure of cells to combination of
ATRA and GEN is needed to significantly
increase pl4 tumor suppressor  gene.
Comparison of the effects of ATRA and GEN
on pl4 gene expression showed that the GEN
significantly increased the mRNA level of p14
in the 24 h-treated group in comparison to
ATRA, but there was no significant difference
in pl4 gene expression between ATRA48 and
GEN48. These observations may indicate that
ATRA need longer time to exhibit its effect on
pl4 gene expression.

The MTT results indicate that the cell
viability in group AG48 is significantly lower
than that of all other groups except ATRA48
and GEN48. These results are in contrast with
the results of Zhou, et al study. They evaluated
the apoptotic effects of 50 uM GEN and
40 uM ATRA on A549 lung adenocarcinoma
cells. They showed that when A549 cells were



exposed to both compounds, their inhibitory
effect was stronger than when each compound
used individually (18). Furthermore, in our
study there were no significant differences
between the cell viability in groups ATRA24
and ATRA48 in comparison with GEN24 and
GEN48 that indicates the ability of these two
drugs in inhibition of the proliferation in
OVCAR-3 cells are somewhat similar.

The flow cytometry results showed that
there were significant differences in the
percentage of apoptotic cells between AG24
and AG48 groups in comparison with all other
groups indicating that the combination of
ATRA and GEN can significantly increase
OVCAR-3 ovarian cancer cell apoptosis. In
the current study, we did not observe any
significant differences between ATRA24 and
GEN24 groups. Nevertheless, significant
differences were observed between ATRA48
compared to GEN48 group. Therefore, the
apoptotic effects of GEN in comparison with
ATRA are uncertain, because the results of
studies have been controversial.

The flow cytometry results also showed
that the percentage of cell apoptosis in GEN24
group was not significantly higher than that of
the control group. These findings contradict
the results of Gossner’s study. He investigated
the effects of GEN on ovarian cancer cells and
found that this drug can significantly increase
the cell apoptosis in 24 h-treated group
compared to the control group (35).

The results of flow cytometry in the study
of Zhou on A549 lung adenocarcinoma cells
(18) are in line with the results of the present
study. Furthermore, their results showed that
ATRA mainly arrests the cells in Go-G; while
GEN predominantly affects G,-M checkpoint.
Hence synergic effects could be seen when
these two drugs are combined.

According to above results we believe that
GEN may be an effective drug in combination
with ATRA in order to activate ovarian cancer
cells to up regulate p14 tumor suppressor gene
and it may induce cell apoptosis.

CONCLUSION

Both ATRA and GEN can increase P14
tumor suppressor gene and induce cell
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apoptosis in different times; ATRA and GEN
in combination exhibit more effects than each
drug alone. Finally we concluded that GEN is
an effective drug once used in combination
with ATRA to up regulate pl4 tumor
suppressor gene and it may induce cell
apoptosis in OVCAR-3 cell line.

ACKNOWLEDGEMENTS

The content of this paper is extracted from
the Ph.D. thesis NO. 393676 submitted by
Saeed Zamani which was financially supported
by the Research Department of Isfahan
University of Medical Sciences, Isfahan, I.R.
Iran. We also would like to acknowledge the
technical assistance of the Central Laboratory
staffs of the Isfahan University of Medical
Sciences.

REFERENCES

1. Maldonado L, Hoque MO. Epigenomics and ovarian
carcinoma. Biomark Med. 2010;4(4):543-570.

2. Romero I, Bast RC Jr. Minireview: human ovarian
cancer: biology, current management, and paths to
personalizing therapy. Endocrinology.
2012;153(4):1593-1602.

3. Russo M, Russo GL, Daglia M, Kasi PD, Ravi S,
Nabavi SF, et al. Understanding genistein in cancer:
The “good” and the “bad” effects: A review. Food
Chem. 2016;196:589-600.

4. Hashiguchi Y, Tsuda H, Yamamoto K, Inoue T,
Ishiko O, Ogita S. Combined analysis of p53 and RB
pathways in epithelial ovarian cancer. Hum pathol.
2001;32(9):988-996.

5. Agrawal A, Yang J, Murphy RF, Agrawal DK.
Regulation of the pl4ARF-Mdm2-p53 pathway: an
overview in breast cancer. Exp Mol Pathol.
2006;81(2):115-122.

6. Yarbrough WG, Bessho M, Zanation A, Bisi JE,
Xiong Y. Human tumor suppressor ARF impedes S-
phase progression independent of p53. Cancer Res.
2002;62(4):1171-1177.

7. Hemmati PG, Gillissen B, von Haefen C, Wendt J,
Starck L, Guner D, et al. Adenovirus-mediated
overexpression of pl14**" induces p53 and Bax-
independent apoptosis. Oncogene.
2002;21(20):3149-3161.

8. Toyota M, Issa JP. Epigenetic changes in solid and
hematopoietic tumors. Semin Oncol.
2005;32(5):521-530.

9. Heo S-H, Kwak J, Jang KL. All-trans retinoic acid

induces p53-depenent apoptosis in  human
hepatocytes by activating pl4 expression via
promoter  hypomethylation.  Cancer  letters.

2015;362(1):139-48.



Nikbakht Dastjerdi et al. / RPS 2016; 11(6): 505-512

10. Wang Z, Wang L. DNA methylation and esophageal
squamous cell carcinoma: special reference to
research in china. Life Sci J. 2006;3(2):1-11.

Ozenne P, Eymin B, Brambilla E, Gazzeri S. The

ARF tumor suppressor: structure, functions and

status in cancer. Int J Cancer. 2010;127(10):2239-

2247.

Vaskivuo L, Rysd J, Koivuperd J, Myllynen P,

Vaskivuo T, Chvalova K, et al. Azidothymidine and

cisplatin increase pl4ARF expression in OVCAR-3

ovarian cancer cell line. Toxicol Appl Pharmacol.
2006;216(1):89-97.

Karabulut B, Karaca B, Varol U, Muslu U, Cakar B,

Atmaca H, et al. Enhancing cytotoxic and apoptotic

effect in OVCAR-3 and MDAH-2774 cells with all-

trans retinoic acid and zoledronic acid: a paradigm
of synergistic molecular targeting treatment for

ovarian cancer. J Exp Clin Cancer Res. 2010;29:102.

14.Hansen LA, Sigman CC, Andreola F, Ross SA,
Kelloff GJ, De Luca LM. Retinoids in
chemoprevention and differentiation  therapy.
Carcinogenesis. 2000;21(7):1271-1279.

15. Siddikuzzaman, Guruvayoorappan C, Berlin Grace
VM. All trans retinoic acid and cancer.
Immunopharmacol Immunotoxicol. 2011;33(2):241-
249.

16.Haupt S, Berger M, Goldberg Z, Haupt Y.
Apoptosis-the p53 network. J Cell Sci. 2003;116(Pt
20):4077-4085.

17.Urvalek A, Laursen KB, Gudas LJ. The roles of
retinoic acid and retinoic acid receptors in inducing
epigenetic changes. Subcell Biochem. 2014;70:129-
149.

18.Zhou RJ, Yang XQ, Wang D, Zhou Q, Xia L, Li
MX, et al. Anti-tumor effects of all-trans retinoic
acid are enhanced by genistein. Cell Biochem
Biophys. 2012;62(1):177-184.

19. Mukherjee N, Kumar AP, Ghosh R. DNA
methylation and flavonoids in genitourinary cancers.
Curr Pharmacol Rep. 2015;1(2):112-120.

20. Choi EJ, Kim T, Lee MS. Pro-apoptotic effect and

cytotoxicity of genistein and genistin in human

ovarian cancer SK-OV-3 cells. Life Sci.
2007;80(15):1403-1408.

Connolly RM, Nguyen NK, Sukumar S. Molecular

pathways: current role and future directions of the

retinoic acid pathway in cancer prevention and
treatment. Clin Cancer Res. 2013;19(7):1651-1659.
22.Duvic M, Hymes K, Heald P, Breneman D, Martin
AG, Myskowski P, et al. Bexarotene is effective and
safe for treatment of refractory advanced-stage
cutaneous T-cell lymphoma: multinational phase II-
IIT trial results. J Clin Oncol. 2001;19(9):2456-2471.
23.Maeno T, Tanaka T, Sando Y, Suga T, Maeno Y,

11.

12.

13.

21.

512

Nakagawa J, et al. Stimulation of vascular
endothelial growth factor gene transcription by all
trans retinoic acid through Spl and Sp3 sites in
human bronchioloalveolar carcinoma cells. Am J
Respir Cell Mol Biol. 2002;26(2):246-253.

Nagata C, Inaba S, Kawakami N, Kakizoe T,

Shimizu H. Inverse association of soy product intake

with serum androgen and estrogen concentrations in

Japanese men. Nutr Cancer. 2000;36(1):14-18.

Xu ML, Liu J, Zhu C, Gao Y, Zhao S, Liu W, et al.

Interactions between soy isoflavones and other

bioactive compounds: a review of their potentially

beneficial health effects. Phytochem Rev.
2015;14(3):459-467.

26. Thasni KA, Rojini G, Rakesh SN, Ratheeshkumar T,
Babu MS, Srinivas G, et al. Genistein induces
apoptosis in ovarian cancer cells via different
molecular pathways depending on Breast Cancer
Susceptibility gene-1 (BRCA1) status. Eur J
Pharmacol. 2008;588(2-3):158-164.

27.Hebert JR, Hurley TG, Olendzki BC, Teas J, Ma Y,
Hampl JS. Nutritional and socioeconomic factors in
relation to prostate cancer mortality: a cross-national
study. J Natl Cancer Inst. 1998;90(21):1637-1647.

28. Fotsis T, Pepper M, Adlercreutz H, Fleischmann G,
Hase T, Montesano R, et al. Genistein, a dietary-
derived inhibitor of in vitro angiogenesis. Proc Natl
Acad Sci U S A. 1993;90(7):2690-2694.

29. Barnes S. Effect of genistein on in vitro and in vivo
models of cancer. J Nutr. 1995;125:777S-783S.

30. Constantinou A, Kiguchi K, Huberman E. Induction

of differentiation and DNA strand breakage in

human HL-60 and K-562 Ileukemia cells by
genistein. Cancer Res. 1990;50(9):2618-2624.

Peterson G, Barnes S. Genistein and biochanin A

inhibit the growth of human prostate cancer cells but

not epidermal growth factor receptor tyrosine

autophosphorylation. Prostate. 1993;22(4):335-345.

32.Peterson G, Barnes S. Genistein inhibits both
estrogen and growth factor-stimulated proliferation
of human breast cancer cells. Cell Growth Differ..
1996;7(10):1345-1351.

33. Buckley AR, Buckley DJ, Gout PW, Liang H, Rao
YP, Blake MJ. Inhibition by genistein of prolactin-
induced Nb2 lymphoma cell mitogenesis. Mol Cell
Endocrinol. 1993;98(1):17-25.

34.Schweigerer L, Christeleit K, Fleischmann G,
Adlercreutz H, Wihdlda K, Hase T, et al.
Identification in human urine of a natural growth
inhibitor for cells derived from solid paediatric
tumours. Eur J Clin Invest. 1992;22(4):260-264.

35. Gossner G, Choi M, Tan L, Fogoros S, Griffith KA,
Kuenker M, et al. Genistein-induced apoptosis and
autophagocytosis in ovarian cancer cells. Gynecol
Oncol. 2007;105(1):23-30.

24.

25.

31



