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Therapeutic impact of vitamin C on the anticancer
activities of genistein isoflavone in radiosensitized

LNCaP prostate cancer cells

Abstract

Prostate cancer is the most common non-cutaneous cancer and the second cause of cancer-
related deaths in men in United State of America. An estimated 220,800 new cases and
27,540 cancer-related deaths are expected in the year 2015. Significant achievements in
cancer treatment have been accomplished due to aggressive pursuit in therapeutic research.
However, although the locally confined disease is treatable, the metastasized prostate cancer
still poses therapeutic challenges; and consequently prognosis still remains poor. Inevitably,
continuous research for efficacious therapy has been the focus of attention in recent times.
In this study, the impact of vitamin C supplementation on the anticancer activities of
genistein isoflavone in radio-sensitized LNCaP prostate cancer cells was investigated. The
cells were first radio-sensitized with very low dose ionizing radiation (VLDR, 20mGy/
hr), using a pyroelectrically generated X-ray source (non-radioactive) and analyzed using:

i. MTT tetrazolium assay to determine the chemosensitivity of the radio-sensitized
LNCaP cells to the various treatments;

ii. Nitroblue tetrazolium assay (NBT) to assess treatment-induced intracellular ROS
levels and

iii. Fluorescence microscopy to determine the mode of treatment-induced cell death -
apoptosis and/or necrosis.

The overall data revealed that in all the three treatment regimens/modalities:
a. there was a significant dose-dependent response to treatment,
b. the main mode of cell death was apoptosis,

c. ROS release declined concomitant with increasing dosage of drugs and with increasing
percentage apoptosis,

d. There was significant negative correlation (Cor=- 0.911; P <0.01) between treatment-
induced apoptosis and ROS release,

e. Inall cases, vitamin C supplement significantly augmented the results.

The overall result indicated that the triple combination treatment (Rad-Gn-VitC) was the
most effect in apoptosis induction and ROS inhibition. The present study indicates the
potential clinical significance of vitamin C supplementation in radiotherapy and radiation-
genistein combination phytotherapy.

Keywords: vitamin C, prostate cancer, low-dose radio-sensitization, apoptosis, ROS,
genistein

Volume 2 Issue 4 - 2015

James Kumi-Diaka,' Saheed Oluwasina
Oseni,' Toluleke Famuyiwa,' Rolando Branly?
'Department of Biological Sciences, Florida Atlantic University,
USA

2Department of Physical Sciences, Broward College, USA

Correspondence: James Kumi-Diaka, Department of
Biological Sciences, Florida Atlantic University, 3200 College
Avenue, Davie, FL 33314, USA, Tel | (954) 236-1135,

Email jdiaka@fau.edu

Received: April 16,2015 | Published: May 20,2015

Abbreviations: VLDR, very low dose ionizing radiation;
NBT, nitroblue tetrazolium assay; HRS, hyper-radiosensitivity;
DMSO, dimethylsulfoxide; MTP, microtiter plates; CSR, cell survival
rate; DGIR, differential growth inhibition rate; ROS, reactive oxygen
species

Introduction

Despite the large investments in cancer researches and the wealth
of knowledge and discoveries in cancer biology and genetics, prostate
cancer is still at best, minimally controlled by modern medicine.'
The age adjusted mortality rate for cancer is about the same in the 21st
century as it was 50 years ago. Prostate cancer is the most common
non-cutaneous cancer and the second cause of cancer-related deaths in

men of the United State of America, with nearly 1 out of every 7 men
expected to be diagnosed with prostate cancer during their lifetime.
An estimated 220,800 new cases and 27,540 cancer-related deaths are
expected in the year 2015.3

Significant achievements in cancer treatment have been
accomplished due to aggressive pursuit of research in therapeutic
regimens. However, although the locally confined disease is treatable,
the metastasized prostate cancer still poses therapeutic challenges; and
consequently prognosis still remains poor. In addition to surgery, the
standard chemotherapy and radiotherapy have been the most effective
treatment regiments. But such therapies have their limitations in
terms of safety, tolerability, and efficacy, partly due to incomplete
elimination of the metastasized cancer and the serious side-effects
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resulting from treatment-induce toxicity.* Development of alternative
strategic therapeutic regimen has been the on-going focus of major
research endeavors. Indeed, current approach in therapeutic research
is focusing on attacking cancer cells at the molecular level in pursuit
of signal transduction inhibitors, apoptosis-inducing molecules, and
growth inhibitors since the 1990s.® This means identifying specific
cancer-associated biomarkers/proteins, growth promoting molecules,
and signaling pathways within the cells that could be specific targets
for therapeutic agents.

Several studies have documented the modulatory effects of
genistein in prostate cancer carcinogenesis.”” Genistein isoflavone
4’, 5°, 7T’-trihydroxy-isoflavone) is phytochemical polyphenol
flavonoid micronutrients that have been found potent to possess
strong anti-cancer activities.*!® Genistein has been reported to induce
cytotoxicity, inhibit cellular proliferation, and promote apoptotic cell
death in various cancer cells in vivo and in vitro.""'? The anti-cancer
effects of genistein has been demonstrated in many human cancers
such as breast, lung, prostate, lymphoma, leukemia, and head and neck
cancers'""® through many mechanisms that include: the inhibition of
topoisomerase I & I1,'* inhibition of telomerase activity,'” inhibition of
tyrosine kinase signaling pathway, inhibition of cell survival proteins;
Akt and NF-kB'® and anti-apoptotic proteins -Bel-2 and Bel-XL,"""?
and also the inhibition of angiogenesis.!’ Genistein has been shown
to also display bipolar properties in which at low concentrations, it
behaves as an antioxidant and at high concentration acts as a pro-
oxidant."

Vitamin C (Vit C or VtC) is another micronutrient of public health
significance. Vitamin C, also known as L-ascorbic acid, is a naturally
occurring potent antioxidant and cofactor for many enzymes. Due
to the lack of enzyme L-gulonolactone oxidase, vitamin C must be
obtained from food such as citrus fruits such as oranges, grapeftuit,
and lemons, and in green leafy vegetables, tomatoes, potatoes,
strawberries, red or green peppers, and cantaloupe.?*?! The importance
of this vitamin was first revealed by studies conducted by Linus Paulin
in the 1970s.? Vitamin C has been demonstrated to induce apoptosis
in cancer cells by creating oxidative stress via upregulation of reactive
oxygen species (ROS) release.” Using high dosage of vitamin C as an
anti-cancer therapy adjuvant has shown to reduce cancer cell growth
and lessen chemo-therapy side effects such as nausea, fatigue, pain
and depression.”

Of significance in therapeutic regimen is the application of low
dose radiation. Clinical application of radiation indicates that many
cancer cells are sensitive to low doses of radiation, and that very low
doses can be used to augment or potentiate the chemotherapeutic
effects of most drugs, while decreasing the development of resistance
the by the cancer.?* At low radiation doses of less than 0.3Gy, hyper-
radiosensitivity (HRS) has been demonstrated to be responsible for
the increased sensitivity and decreasing chemo- and radio-resistance
observed in these tumor cells.'>>5%’

Previous studies in our laboratory revealed that exposure of LNCaP
cells to very low dose radiation at 20mGy/hr followed by treatment
with graded doses of genistein isoflavone induced significant
apoptotic cell death with significantly less necrosis. The objective of
this study was to access the potential impact of Vitamin C supplement
on genistein-VLD radiation combination treatment of LNCaP prostate
cancer cells. The objective of the current study was to investigate the
therapeutic impact of vitamin C on the anticancer effects or activities
of genistein isoflavone in radiation-sensitized LNCaP prostate cancer
cells in vitro.
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Materials and methods
Drugs (Micronutrients)

Genistein (4’, 5> 7- trihydroisoflavone) was purchased from
Indoline Chemical Co., Summerville, NJ, USA. It was dissolved in
DMSO (Dimethylsulfoxide) to make a 100uM stock solution. The
final concentration of the DMSO solvent was 0.5%. Aliquots in
concentrations of 0, 10, 20, 30, and 50uM (G -G, ) were made based
on previous studies done in the laboratory*!?> and stored at 3°C until
used.

Vitamin C supplement (Swanson, ND, USA) containing 100%
ascorbic acid micronutrient was dissolved in distilled water to make
a 100uM stock solution. Aliquots in concentration of 0, 10, 20, 30,
40uM (VtC_ _ ) from preliminary findings and was stored at 3°C until
used.

0-50-

Bioassays and staining reagents

MTT (3-[4, 5-dimethylthiazolyl-2]-2, 5-diphenyletrazolium
bromide) assay, Nitroblue Tetrazolium (NBT) assay, and Acridine
orange/Ethidium bromide (AO/EB) were purchased from Sigma-
Aldrich, MO, USA. LNCaP prostate cancer cell lines were purchased
from American Type Culture Collection-Manassas, VA. The cell
lines were grown in RPMI 1640 complete medium (ATCC, VA)
and maintained as monolayers in 75m? tissue culture flasks (Sigma
Scientific, St. Louis, MO, USA).

Cultivation of LNCaP cells

Briefly, LNCaP cells were plated in triplicates into 96-well
microtiter plates (MTP) at a concentration of 2.5x10* cells per well.
The plates were incubated in humidified CO, incubator at 370C and
5% CO, for 48 hr to attain 80-90% confluence. The cells were then
subjected to the following treatments.

Low dose X-ray irradiation

The cells in the MTPs were irradiated using a miniaturized portable
pyroelectric X-ray generator (Cool X, Amptek Inc, Bedford, MA)
based on the principle of pyroelectricity. Cells were irradiated with
exposure to single doses of very low dose ionizing radiation (VLDR)
at 20mGy/hour (i.e. 0.3mGy/min dose rate) low LET X-ray radiation.

Treatment of irradiated LNCaP cells
Immediately after irradiation, the cells were treated with:

a. varying concentrations of genistein (Gn )

b. varying concentrations of vitamin C (VtC )

c. combination of Gn and Vit C (Gn,,+ VtC, )

From our preliminary study, the IC, (i.e. the concentration of Vit
C at which 50% of the cells were killed or inhibited) was observed to
be 30uM. Thus in the present study, Vit C at concentration of 30uM
(IC,,) was used in the VtC-Gn combination treatment of LNCaP. The
plates/cells were then incubated for 24 to 48 hours at 37°C and 5%
Co,.

MTT assay

To determine the anti-proliferative or growth inhibitory effects
of VLDR and/or genistein treatments on each prostate cancer cell
line, MTT assay was used. MTT (3-[4, 5-dimethylthiazolyl-2]-2,
S-diphenyletrazolium bromide) is a tetrazolium dye used to determine
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percentage cell survival rate (% CSR) or differential growth inhibition
rate (DGIR), which is equivalent to HRS in this study. The MTT
dye detects metabolic activity through preferential conversion of
viable cells into purple colored formazan. The enzyme mitochondria
dehydrogenase is only present in the active mitochondria of living
cells, and is responsible for cleaving the tetrazolium substrate
into insoluble formazan. The color intensity generated is directly
proportional to the number of viable (metabolically active cells) and
quantitatively determined by optical absorbance from individual wells.
Briefly, LNCaP and PC3 cells were plated onto 96 well plate each at a
density of 2.5x10* cells per well. They were primed with single doses
of 20mGy/hour ionizing radiation (VLDR) from a pyroelectric X-ray
generator and then incubated with graded doses of genistein (Gn, )
for 24 hours. Cells were treated with genistein, 4 hours after irradiation
for most experiments. 100uL of MTT (2.5mg/ml in PBS-phosphate
buffered saline) (Sigma Scientific Chemical Co., St Louis, MO, USA)
solution was added to each well and incubated for 4 hours at 37°C
and 5% CO, to allow for the reduction of MTT into formazan by
viable cells. The insoluble formazan crystals formed were solubilized
or lysed to release the formazan product by adding 100uL of lysing
solution (DMSO) to each pellet. Cells from each well were harvested
(by vigorous aspiration with the micropipette), transferred to a labeled
microcentrifuge tube and centrifuged for 10 minutes at 5000rpm. Any
unincorporated MTT dye was removed by discarding the supernatant.
The contents of each tube were transferred into different wells of a 96-
well microtiter plate. The absorbance values were measured at 490nm
with an automated microplate reader (BioTek, Vermont, USA).
Relative numbers of live cells could therefore be determined based
on the optical absorbance (optical density, OD) of the sample. The
values of the blank wells were subtracted from each well of treated
and control cells; and the mean percentage of post-treatment viable
cells relative to the controls was calculated as shown:

, (AT - 4B)
% Cell Survival Rate(CSR) = x100

(AC - 4B)

Where A_. is the absorbance of the control (mean value), A, is the
absorbance of the treated cells (mean value), and A, is the absorbance
of the blank (mean value).

The means of the absorbance were graphed against the mean
concentrations of the drugs/reagents. All the microtiter plates
were microphotographed under inverted microscope (200X)
using digital camera (Nikon: Coolpix VR & ISO 2000, Japan), for
histomorphological studies.

Nitroblue Tetrazolium NBT/ROS assay

Cells have many defense mechanisms against effects of reactive
oxygen species (ROS). In this assay, superoxide ions (O,’) and/or
hydrogen peroxides generated by X-rays and/ or graded genistein and
orvitamin C treatments reduced or converted NBT to NBT diformazan.
SOD reduces the superoxide ion concentration and thereby lowers the
rate of NBT-diformazan formation. In this experiment, the treated
LNCaP cells, as previously described above (with irradiation, Gn,
Vit C) were subjected to NBT assay. The extent of treatment-induce
reduction in the appearance of NBT diformazan is a measure of SOD
activity present in the cancer cells. Since the absorbance at 490nm is
proportional to the amount of superoxide anion (ROS) formed, the
SOD enzyme as an inhibition activity can be quantified by measuring
the decrease in the absorbance at 490nm, whereas an increase in
absorbance reflects treatment-induced elevation of intracellular ROS
produced by the cancer cells as demonstrated by Oseni et al.'?
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Briefly, 40uL NBT solution (Img/mL in HBSS medium) was
added to the adherent cells in each well in the appropriate MTP, and
incubated for 4 hours at 37°C and 5%CO,. The cells were trypsinized,
pipetted into individual micro-centrifuge tubes, and diluted with equal
volumes of PBS. The cell suspensions were centrifuged to collect
the pellets. The pellets were washed three times with DMSO to lyse
the cell membranes. The supernatants were pooled for absorbance
reading on microplate reader at 490nm, to determine ROS production
levels. The results were expressed as percentage of ROS (or SOD
inhibition), relative the control. The means of the absorbance were
graphed against the mean concentrations of the drugs/reagents.

Fluorescence microscopy: Differential cell death

detection

Acridine orange and Ethidium bromide dyes have different
fluorescence emission spectra. Therefore a cocktail solution of the
two markers can be used to differentiate between viable, apoptotic and
necrotic cells. Acridine orange permeates both viable and non-viable
cells, causing the nuclei to emit green fluorescence. Ethidium bromide
permeates dead cells (with compromised cell membrane integrity)
and selectively stains the nuclei (non-viable) cells to produce red
fluorescence. Cells that emit orange/brown colors are indicative of
apoptosis, while necrotic cells emit red fluorescence.

Briefly, cell suspensions from each well of the treated MTP were
transferred into identical micro-centrifuge tubes for centrifugation.
The supernatants were discarded and the cell pellets were resuspended
with PBS to constitute final cell suspensions for further analysis. Then
a cocktail of Ethidium bromide (25ul) and Acridine orange (75ul)
was prepared for staining the cells. For the fluorescence microscopy,
3uL of the cocktail solution was added to 50pul each cell suspension
(final dye-cell suspension). To examine the cells, 10-20ul of each
dye-cell suspension was transferred onto a microscope slide, covered
with a cover slip and analyzed under a fluorescent microscope with
a band-pass filter (200X). Detection of apoptosis was based on
morphological and fluorescent characteristics of stained cells. Viable
cells were indicated by bright green color, apoptotic cells by yellow/
orange/brown, and necrotic cells by red. Cell death was quantified
by counting a total of 100 cells in various fields per slide. And the
percentage of live cells, apoptosis, and necrosis were determined.
Microphotographs were taken using a digital camera (Nikon: Coolpix
VR & ISO 2000, Japan). The percentage of cells undergoing apoptosis
were graphed against the mean concentrations of the drugs/treatment
reagents. The correlation between treatment-induced ROS production
and treatment-induced apoptosis was determined, using the data
generated.

Statistical analysis

Data were expressed as means+standard deviation (SD) from
two different triplicate experiments to confirm similar result. The
significance of the statistical difference in the mean differences
between various experimental and control groups was determined
using student’s t-test and one way ANOVA. P value of <0.01 was
considered statistically significant.

Results

To determine the impact of Vitamin C supplement on genistein-
induced apoptosis in radiation sensitized LNCaP prostate cell lines,
the cells were first irradiated with very low dose radiation (VLDR);
and immediately subjected to genistein and/or vitamin C treatment.
Treated cells were analyzed with various bioassays-MTT, NBT, and
AO/ EB fluorescence microscopy, as described previously.
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The MTT assay revealed a post-treatment dose-dependent survival
rate in all the treatment regimens. The number of life cells declined
significantly with increasing concentration of the drugs, and with
significant inter-treatment differences (P<0.01) (Figure 1). The highest
cell death occurred in the Gn-Rad-VitC combination treatment and the
lowest in cells treated with Vit C alone.

The NBT assay determined treatment-induced production amount
of ROS in the treated cells. The results indicate dose-dependent ROS
production in all the three treatment groups. There was significant
inter-treatment differences (P<0.01) between the three treatment
groups at every dosage level. The triple Gn-Rd-Vit C combination
treatment has the highest inhibitory effects on ROS production/release
(Figure 2).

MTT Assay: Treatment induced cytotoxicity or cell viability

@ 6n+Vit(30
@ Rad+ Gn
© Rad+Gn+VitC30

Absorbance (490nm)

0 10 20 30 40 50
Genistein conc (uM)

Figure | MTT assay result showing progressive decline in live cells with
concurrent increasing concentration of the drugs. The results indicated
statistical differences (P< 0.01) between the different treatment regimens
at all concentration points. The results/data points were the means of two
independent experiments performed in triplicates.

NBT Assay: Treatment induced intracellular ROS levels

ROS Absorbance (490nm)

| Gn+ VitC30

o 10 20 30 50
Genistein Concentration (uM)

® Rad + Gn
¥ Rad+ G Vit 30

Figure 2 NBT assay results showing treatment-induced inhibition of
SOD/ROS production in LNCaP cells. Cells were treated as described and
subjected to the NBT assay for ROS determination. The results indicated
statistical differences (P<0.01) between the different treatment regimens
at all concentration points. The results/data points were the means of two
independent experiments performed in triplicates.

To assess and confirm treatment-induced apoptosis, the treated
cells were processed and examined under fluorescence microscopy as
previously described elsewhere in this manuscript.

The results/data obtained indicated dose-dependent treatment-
induced apoptosis induction (Figures 3 & 4). At all dosage levels,
the inter-treatment group differences were significant (P<0.01). It
appeared vitamin C significantly augmented apoptosis induction in
the combination treatment groups/cells (Figures 3 & 4). The data
further indicated a significant negative correlation between treatment-
induced apoptosis induction and ROS production (r=-0.83; 1>=0.911;
P<0.01) (Figures SA & 5B). The results showed increasing percentage
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apoptosis concurrent with decreasing ROS production; implying
treatment-induced ROS inhibition. The overall data showed the
significant impact of vitamin C on apoptosis induction, as shown in
the combination treatments relative to the control (Figures 1-5).
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Figure 3A, 3B & 3C AO/EB Fluorescence assay results showing treatment-
induced cell death in LNCaP cells. Cells were cultured and treated as described
previously; then prepared and analyzed under fluorescence microscopy.
Percentage life, necrotic and apoptotic cell deaths were determined. The
results/data points were from two independent experiments performed in
triplicates.
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Figure 4 Treatment-induced apoptotic cell death in LNCaP cells. Cells were
cultured and treated as described previously; then prepared and analyzed
under fluorescence microscopy. The results/data points were from two
independent experiments performed in triplicates. The bars are the STDs
of the means. The % apoptosis at each concentration point are statistically
different (P<0.01) between the three different treatment regimens.
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Figure 5A&5B The treated cells were subjected to treatment-induced
apoptosis induction and ROS production as previously described. The results
showed: A, as concentration increases, ROS production decreases and %
apoptosis increases correspondingly and in Figure. 5B, there was a significant
negative correlation (r =- 0.911; r>=0.83; P<0.01) between ROS production
levels and apoptosis induction.

Discussion

MTT assay is validated to assess the response of cancer
cells including prostate cancer cells, to both radiotherapy and
chemotherapeutic agents.”®?* In all the treatment groups, the MTT
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assay indicated a dose-dependent response of the cells to the
various treatment regimens, in conformity with results of previous
studies. 1214

The NBT assay results also revealed a dose-dependent decline in
ROS production in all the three treatment regimens; with significant
inter-treatment  differences (P<0.01). Cancer cells produce high
levels of ROS to survive oxidative stress conditions/environment.3%-3?
However, for cellular proliferation, these cells must maintain a
balanced redox signaling system.'?> An upregulation (overproduction)
or down-regulation (underproduction) of ROS beyond the physiologic
state may result in pathologic oxidative stress and consequent cell
death/growth inhibition.3** Our present data, treatment-induced
decrease in ROS production/down-regulation, is in conformity with
these reported studies. In previous studies, we observed that lower
genistein concentrations (<50uM) induced decreased ROS production
and higher concentration (>50uM) induced increased intracellular
ROS production.'? This is consistent with the current results, and the
ROS modulation can be seen as one of the anti-cancer activities of
genistein.

Genistein has been demonstrated to induce apoptosis cell death in
many human cancer cells, including LNCaP and PC3 prostate cancer
cells.!®1214 The fluorescence microscopy study was done to assess the
level of apoptosis cell death relative to concentration of drug in each
treatment group. The results indicated that significant dose-dependent
treatment-induced apoptosis occurred in LNCaP cancer cells; with
significant differences (P<0.01) between the treatment groups. This
result is consistent with previously reported data on genistein-induced
apoptosis in human cancer cells.'>!

The combination-treatment studies demonstrate the potential
therapeutic impacts of vitamin C and genistein on low dose x-ray
radiation (20mGy/hr.) sensitized LNCaP prostate cancer cells. The
highest percentage apoptosis induced in the cells was produced
in the radiation-genistein-vitamin C combined treated cell group,
followed by the radiation-genistein combined treated cells, and the
least percentage of apoptosis was found in the single treatment cell
group. These results are in conformity with previous studies and have
also reinforced the claim that priming of prostate cancer cells with
low dose ionizing radiation prior to treatment with genistein and/
or vitamin C can enhance their potential therapeutic or preventive
effects. In all cases, radiation significantly augmented genistein-
induced intracellular apoptotic cell death, in conformity with
previously reported data.'>?*2632 Furthermore, adding vitamin C as
in the combination treatment, significantly augmented the genistein-
induced apoptotic cell death, especially in the radiation-primed
LNCaP cells. This observation highlights the potential significance
of Vitamin C supplement in the treatment of cancer. The addition of
vitamin C enhanced the highest percentage of apoptosis cell death in
the present studies. The data/results from the present study indicate
the potential clinical significance of vitamin C supplementation in
radiation therapy and radiation-genistein phytotherapy; and genistein
phytoprevention.** Furthermore, the result/data justify further pursuit
in this therapeutic strategy/regimen.

Acknowledgments

We acknowledge the Department of Biological Sciences of
Florida Atlantic University for the provision of laboratory space. The
technical support of the many research students in our lab is highly
acknowledged.

Copyright:
©2015 Kumi-Diaka ecal. 112

Conflicts of interest

Authors declare that there is no conflict of interest.

References

1. Rothman I, Stanford JL, Kuniyuki A, et al. Self-report of prostatitis
and its risk factors in a random sample of middle-aged men. Urology.
2004;64(5):876-879.

2. Jemal A, Murray T, Ward E, et al. Cancer statistics. CA Cancer J Clin.
2005;55(1):10-30.

3. American Cancer Society. Cancer facts and figures. American Cancer
Soc: Atlanta, USA; 2015. 1-56 p.

4. Kumi-Diaka J, Saddler-Shawnette S, Aller A, et al. Potential mechanism
of phytochemical- induced apoptosis in human prostate adenocarcinoma
cells: Therapeutic synergy of genistein and f-lapachone combination
treatment. Cancer Cell Int. 2004;4(1):5.

5. Bold RJ, Termuhlen PM, McConkey DJ. Apoptosis, cancer and cancer
therapy. Surg Oncol. 1997;6(3):133-142.

6. Abdulla M, Gruber P. Role of diet modification in cancer prevention.
Biofactors. 2000;12(1-4):45-51.

7. Agarwal C, Sharma Y, Agarwal R. Anti carcinogenic effect of a
polyphenolic fraction isolated from grape seeds in human prostate
carcinoma DU145 cells: modulation of mitogenic signaling and cell-
cycle regulators and induction of G1 arrest and apoptosis. Mol Carcinog.
2000;28(3):129-138.

8. Giovannucci E, Rimm EB, Colditz GA, et al. A prospective study
of dietary fat and risk of prostate cancer. J Natl Cancer Inst.
1993;85(19):1571-1579.

9. Clinton SK, Giovannucci E. Diet, nutrition and prostate cancer. Annu
Rev Nutr. 1998;18:413-440.

10. Hormann V, Kumi-Diaka J, Durity M, et al. Anticancer activities of
genistein- topotecan combination in prostate cancer cells. J Cell Mol
Med. 2012;16(11):2631-2636.

11. Buckley AR, Buckley DJ, Gout PW, et al. Inhibition by genistein of
prolactin-induced Nb2 lymphoma cell mitogenesis. Mol Cell Endocrinol.
1993;98(1):17-25.

12. Oseni SO, Kumi-Diaka J, Branly R, et al. Pyroelectrically generated
very low dose ionizing radiation enhances chemopreventive and
chemotherapeutic effects of genistein isoflavone in human prostate
cancer cells. J Cancer Prev Curr Res. 2014;1(2):1-14.

13. Chen WF, Huang MH, Tzang CH, et al. Inhibitory actions of genistein
in human breast cancer (MCF-7) cells. Biochim Biophys Acta.
2003;1638(2):187-196.

14. Kumi-Diaka J. Chemosensitivity of human prostate cancer cells
PC3 and LNCaP to genistein isoflavone and B-lapachone. Biol Cell.
2002;94(1):37-44.

15. Jagadeesh S, Kyo S, Banerjee PP. Genistein represses telomerase
activity via both transcriptional and posttranslational mechanisms in
human prostate cancer cells. Cancer Res. 2006;66(4):2107-2115.

16. LiY, Sarkar FH. Inhibition of nuclear factor kappa-B activation in PC3
cells by genistein is mediated via Akt signaling pathway. Clin Cancer
Res. 2002;8(7):2369-2377.

17. Merchant K, Kumi-Diaka J, Rathinavelu A, et al. Genistein Modulation
of Immune-Associated Genes in LNCaP Prostate Cancer Cell Line. The
Open Prostate Cancer Journal. 2012;5:1-7.

18. Tophkhane C, Yang S, Bales W, Archer L, et al. Bcl-2 overexpression
sensitizes MCF-7 cells to genistein by multiple mechanisms. Int J
Oncol. 2007;31(4):867-874.

Citation: Kumi-Diaka J, Oseni SO, Famuyiwa T, et al. Therapeutic impact of vitamin C on the anticancer activities of genistein isoflavone in radiosensitized
LNCaP prostate cancer cells. | Cancer Prev Curr Res. 2015;2(4):108—113. DOI: 10.15406/jcpcr.2015.02.00048


https://doi.org/10.15406/jcpcr.2015.02.00048
http://www.ncbi.nlm.nih.gov/pubmed/15533468
http://www.ncbi.nlm.nih.gov/pubmed/15533468
http://www.ncbi.nlm.nih.gov/pubmed/15533468
http://www.ncbi.nlm.nih.gov/pubmed/15661684
http://www.ncbi.nlm.nih.gov/pubmed/15661684
http://www.cancer.org/acs/groups/content/@editorial/documents/document/acspc-044552.pdf
http://www.cancer.org/acs/groups/content/@editorial/documents/document/acspc-044552.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15315711
http://www.ncbi.nlm.nih.gov/pubmed/15315711
http://www.ncbi.nlm.nih.gov/pubmed/15315711
http://www.ncbi.nlm.nih.gov/pubmed/15315711
http://www.ncbi.nlm.nih.gov/pubmed/9576629
http://www.ncbi.nlm.nih.gov/pubmed/9576629
http://www.ncbi.nlm.nih.gov/pubmed/11216504
http://www.ncbi.nlm.nih.gov/pubmed/11216504
http://www.ncbi.nlm.nih.gov/pubmed/10942529
http://www.ncbi.nlm.nih.gov/pubmed/10942529
http://www.ncbi.nlm.nih.gov/pubmed/10942529
http://www.ncbi.nlm.nih.gov/pubmed/10942529
http://www.ncbi.nlm.nih.gov/pubmed/10942529
http://www.ncbi.nlm.nih.gov/pubmed/8105097
http://www.ncbi.nlm.nih.gov/pubmed/8105097
http://www.ncbi.nlm.nih.gov/pubmed/8105097
http://www.ncbi.nlm.nih.gov/pubmed/9706231
http://www.ncbi.nlm.nih.gov/pubmed/9706231
http://www.ncbi.nlm.nih.gov/pubmed/22452992
http://www.ncbi.nlm.nih.gov/pubmed/22452992
http://www.ncbi.nlm.nih.gov/pubmed/22452992
http://www.ncbi.nlm.nih.gov/pubmed/8143910
http://www.ncbi.nlm.nih.gov/pubmed/8143910
http://www.ncbi.nlm.nih.gov/pubmed/8143910
http://medcraveonline.com/JCPCR/JCPCR-01-00010.pdf
http://medcraveonline.com/JCPCR/JCPCR-01-00010.pdf
http://medcraveonline.com/JCPCR/JCPCR-01-00010.pdf
http://medcraveonline.com/JCPCR/JCPCR-01-00010.pdf
http://www.ncbi.nlm.nih.gov/pubmed/12853125
http://www.ncbi.nlm.nih.gov/pubmed/12853125
http://www.ncbi.nlm.nih.gov/pubmed/12853125
http://www.ncbi.nlm.nih.gov/pubmed/12000145
http://www.ncbi.nlm.nih.gov/pubmed/12000145
http://www.ncbi.nlm.nih.gov/pubmed/12000145
http://www.ncbi.nlm.nih.gov/pubmed/16489011
http://www.ncbi.nlm.nih.gov/pubmed/16489011
http://www.ncbi.nlm.nih.gov/pubmed/16489011
http://www.ncbi.nlm.nih.gov/pubmed/12114442
http://www.ncbi.nlm.nih.gov/pubmed/12114442
http://www.ncbi.nlm.nih.gov/pubmed/12114442
http://benthamopen.com/ABSTRACT/TOPCANJ-5-1
http://benthamopen.com/ABSTRACT/TOPCANJ-5-1
http://benthamopen.com/ABSTRACT/TOPCANJ-5-1
http://www.ncbi.nlm.nih.gov/pubmed/17786319
http://www.ncbi.nlm.nih.gov/pubmed/17786319
http://www.ncbi.nlm.nih.gov/pubmed/17786319

Therapeutic impact of vitamin C on the anticancer activities of genistein isoflavone in radiosensitized

LNCaP prostate cancer cells

19.

20.

21.

22.

23.

24.

25.

26.

217.

Li Y, Che M, Bhagat S, et al. Regulation of gene expression and
inhibition of experimental prostate cancer bone metastasis by dietary
genistein. Neoplasia. 2004;6(4):354-363.

Donkena KV, Karnes RJ, Young CYF. Vitamins and prostate cancer
risk. Molecules. 2010;15(3):1762—1783.

American Cancer Society. Vitamin C. American Cancer Soc: Inc,
Atlanta, USA; 2013.

Fritz H, Flower G, Weeks L, et al. Intravenous Vitamin C and Cancer: A
Systematic Review. Integr Cancer Ther. 2014;13(4):280-300.

Park S. The Effects of High Concentrations of Vitamin C on Cancer
Cells. Nutrients. 2013;5(9):3496-3505.

Cai L, Feinendegen LE, Ikusshima T. Special issue: adaptive response
induced by low levels of radiation. BELLE Newsletter. 1999;7(3):2-31.

Day TK, Zeng G, Hooker AM, et al. Extremely low priming doses of
X radiation induce an adaptive response for chromosomal inversions in
pKZ1 mouse prostate. Radiat Res. 2006;166(5):757-766.

Luckey TD. Physiological benefits from low levels of ionizing radiation.
Health Phys. 1982;43(6):771-789.

Chou TC, Chou JH. Computerized indexing of drug combinations:

28.

29.

30.

31.

32.

33.

34.

Copyright:

©2015 Kumi-Diaka etal. 113

prediction of synergism and antagonism of more than two drugs by
polygonogram; 1998.

Franken NA, Rodermond HM, Stap J, et al. Clonogenic assay of cells in
vitro. Nat Protoc. 2006;1(5):2315-2319.

Price P, McMillan TJ. Use of the tetrazolium assay in measuring the
response of human tumor cells to ionizing radiation. Cancer Res.
1990;50(5):1392-1396.

Finkel T, Holbrook NIJ. Oxidants, oxidative stress and the biology of
aging. Nature. 2000;408(6809):239-247.

Williams JR, Zhang Y, Zhou H, et al. Overview of radiosensitivity of
human tumor cells to low-dose-rate irradiation. /nt J Radiat Oncol Biol
Phys. 2008;72(3):909-917.

Chandra J, Samali A, Orrenius S. Triggering and modulation of apoptosis
by oxidative stress. Free Radic Biol Med. 2000;29(3-4):323-333.

Martin KR, Barrett JC. Reactive oxygen species as double-edged swords
in cellular processes: low-dose cell signaling versus high-dose toxicity.
Hum Exp Toxicol. 2002;21(2):71-75.

Tsuda H, Ohshima Y, Nomoto H, et al. Cancer prevention by natural
compounds. Drug Metab Pharmacokinetic. 2004;19(4):245-263.

Citation: Kumi-Diaka J, Oseni SO, Famuyiwa T, et al. Therapeutic impact of vitamin C on the anticancer activities of genistein isoflavone in radiosensitized
LNCaP prostate cancer cells. | Cancer Prev Curr Res. 2015;2(4):108—113. DOI: 10.15406/jcpcr.2015.02.00048


https://doi.org/10.15406/jcpcr.2015.02.00048
http://www.ncbi.nlm.nih.gov/pubmed/15256057
http://www.ncbi.nlm.nih.gov/pubmed/15256057
http://www.ncbi.nlm.nih.gov/pubmed/15256057
http://www.mdpi.com/1420-3049/15/3/1762
http://www.mdpi.com/1420-3049/15/3/1762
http://www.ncbi.nlm.nih.gov/pubmed/24867961
http://www.ncbi.nlm.nih.gov/pubmed/24867961
http://www.mdpi.com/2072-6643/5/9/3496
http://www.mdpi.com/2072-6643/5/9/3496
http://www.ncbi.nlm.nih.gov/pubmed/17067212
http://www.ncbi.nlm.nih.gov/pubmed/17067212
http://www.ncbi.nlm.nih.gov/pubmed/17067212
http://www.ncbi.nlm.nih.gov/pubmed/6759465
http://www.ncbi.nlm.nih.gov/pubmed/6759465
http://www.ncbi.nlm.nih.gov/pubmed/17406473
http://www.ncbi.nlm.nih.gov/pubmed/17406473
http://www.ncbi.nlm.nih.gov/pubmed/2302704
http://www.ncbi.nlm.nih.gov/pubmed/2302704
http://www.ncbi.nlm.nih.gov/pubmed/2302704
http://www.ncbi.nlm.nih.gov/pubmed/11089981
http://www.ncbi.nlm.nih.gov/pubmed/11089981
http://www.ncbi.nlm.nih.gov/pubmed/19014780
http://www.ncbi.nlm.nih.gov/pubmed/19014780
http://www.ncbi.nlm.nih.gov/pubmed/19014780
http://www.ncbi.nlm.nih.gov/pubmed/11035261
http://www.ncbi.nlm.nih.gov/pubmed/11035261
http://www.ncbi.nlm.nih.gov/pubmed/12102499
http://www.ncbi.nlm.nih.gov/pubmed/12102499
http://www.ncbi.nlm.nih.gov/pubmed/12102499
http://www.ncbi.nlm.nih.gov/pubmed/15499193
http://www.ncbi.nlm.nih.gov/pubmed/15499193

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and methods 
	Drugs (Micronutrients) 
	Bioassays and staining reagents 
	Cultivation of LNCaP cells 
	Low dose X-ray irradiation 
	Treatment of irradiated LNCaP cells 
	MTT assay 
	Nitroblue Tetrazolium NBT/ROS assay 
	Fluorescence microscopy: Differential cell death detection 
	Statistical analysis 

	Results
	Discussion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1
	Figure 2
	Figure 3A, 3B & 3C
	Figure 4
	Figure 5A&5B 

