
Fifth Yugoslav Nuclear Society Conference  YUNSC - 2004
████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████

████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████

429
████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████

COMPARISON OF GAMMA RADIATION – INDUCED EFFECTS IN
TWO HUMAN PROSTATE CANCER CELLS

V. VUČIĆ, M. ADŽIĆ, S. RUŽDIJIĆ* and M.B.RADOJČIĆ
VINČA Institute of Nuclear Sciences, Laboratory of Molecular Biology and Endocrinology,

P.O. Box 522, 11001 BELGRADE, Serbia & Montenegro,
 e-mail: vesnav@vin.bg.ac.yu

*Institute for Biological Research, Department of Neurobiology and Immunology, Laboratory
of Molecular Neurobiology, 11060 BELGRADE, Serbia & Montenegro

ABSTRACT

In this study, the effects of gamma radiation on two hormone refractory human prostate cancer
cell lines, DU 145 and PC-3, were followed. It was shown that gamma radiation induced
significant inhibition of cell proliferation and viability in dose dependent manner.
Antiproliferative effects of radiation were  similar in both cell lines, and more pronounced than
cytotoxic effects.  In addition to that, PC-3 cell line was more resistant to radiation –induced
cytotoxicity.
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1. Introduction

Prostate cancer is the most frequent malignant disease and the second leading cause of the cancer-
related mortality in human male population [1].  While the localized prostate cancer is usually
successfully treated by surgery and/or ionizing irradiation, there are still no appropriate therapies for
metastatic disease. Advanced disease is mostly treated by radiation therapy, sometimes in combination
with hormone- or chemotherapy, but hormone withdrawal often leads to the selection of hormone-
independent clones [2].  The most desirable aim of radiotherapy is to efficiently eradicate tumour cells
with minimal deleterious effects to the surrounding normal tissues and minimal consequent damage to
the whole organism. In addition to radiation-induced cell killing, other clinically important effects of
irradiation are related to cell proliferation and cell cycle arrest, i.e. to the control of tumour growth.
Most of the normal cells exposed to ionizing irradiation characteristically activate cell cycle
checkpoints, resulting in cell cycle arrest at the G1/S and G2/M checkpoints [3]. On the other hand,
cancer cells are typically quite sensitive to radiation killing late in G2 phase of the replicative cell cycle
[4]. Also, for a high dose radiation treatment, the cell cycle checkpoints tend to be activated after
exposure to radiation, whereas for low dose irradiation cell cycle arrest happens during the radiation
treatment.
As the conventional gamma-radiation therapy still remains the method of choice in the treatment of
advanced prostate cancer, especially in the hormone-refractory tumours, the aim of the present study
was to investigate dose-dependent effects of gamma-radiation on the viability and proliferation of the



Fifth Yugoslav Nuclear Society Conference  YUNSC - 2004
████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████

████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████

430
████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████████

two hormone-refractory human prostate cell lines, DU 145 and PC-3 which are derived from the brain
and bone metastasis, respectively.

2. Experimental

For analysis of cell growth, the cells were plated in 6-well plates (well surface cca 9.6 cm2 ) in 4 mL of
medium (Eagle’s MEM for DU 145 and RPMI 1640 for PC-3) supplemented with 10% heat
inactivated fetal calf serum, 100 IU/mL penicillin/streptomycin and 2 mM L-glutamine, at 37 οC under
5% CO2 atmosphere. Cells were seeded at the density of 2x105 cells for DU 145 cell line and 1.2x105

for PC-3 cell line, and grown as monolayers. The number of viable and dead cells was followed for 8
consecutive days by the trypan blue exclusion assay.
In order to investigate the effects of gamma radiation on prostate cancer cells, the cells were seeded in
25 cm2 culture flasks in suitable density of 5x105 and 3.5x105  of cells per flask for DU 145 and PC-3
cells, respectively. Irradiation was performed 72 h after seeding (in the log phase of cell growth), with
2-, 10- or 20 Gy gamma-rays from 60Co source, at the dose rate of 20 Gy/h. Immediately after
irradiation, both irradiated and untreated cells (control) were seeded into 96-well microplates in 200
µL of medium per well at the density of 3500 cells/well for PC-3 and 5000 cells/well for DU 145.
After 96 h incubation in 5% CO2 atmosphere, the cells were tested either for thymidine analogue,
bromodeoxyuridine (BrdU) incorporation, or for 3[4,5-dimethylthiazol-2-yl]-2,5,diphenyltetrazolium
bromide (MTT) metabolism. BrdU assay was performed according to the manufacturer’s protocol
(Roche Diagnostic, Mannheim, Germany). Relative incorporation of BrdU was determined by
measuring the absorbance at 450 nm. The results were expressed as percent of DNA synthesis
inhibition (I) determined by the formula:

I (%) = {1- 
controlA

Asample
} x  100

After 4-h-incubation of the cells with 20 µL of 1.0 mg/mL MTT, the medium was removed,
100 µL 0.1 M HCl in isopropanol added per well and the incubation continued for 1 h. Relative
viability was determined by absorbance reading at 550 nm. Cytotoxicity was estimated applying the
above formula.
Statistical analyses were performed using one-way analysis of variance (ANOVA). If a statistical
significance was found, Tukey post-hoc test was used to determine the differences between the groups.
Statistical significance was accepted at p<0.05.

3. Results

The growth curves of PC-3 and DU 145 cell lines are shown in Figure 1. As it can be
observed from Figure 1, 24 hours post plating the DU 145 viable cell number decreased from 2x105

cells to 1.2x105 cells, suggesting that plating efficiency was about 60%. On the contrary, during the
first day post plating the viable cell number in PC-3 cell line increased from 1.2x105 cells to almost
1.35 x 105 cells, suggesting that plating efficiency was very high. The log phase of cell growth
occurred between 2nd and 6th day post plating in both cell line. The confluence was reached on the 6th

day post plating, at the cell density of cca 1.80x106 of DU 145 and 1.16x106 of PC-3 cells per plate.
Further incubation led to the decrease in cell number.  TBE assay showed that approximately 2- 8% of
all cells were TB positive at all time points in both cell lines (data not shown), indicating that cell
viability was high during the whole experiment. The cell doubling time was also calculated. It was was
38.6 ± 3.3 hours for DU 145 and 32.9 ± 2.8 h for PC-3 cells maintained in our laboratory.
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Figure 1. Growth curves of PC-3 (blue) and DU 145 (red) human prostate cancer cells. Data are the
mean±SEM from 2 separate experiments performed in duplicates

Figure 2. The influence of different radiation doses on cell proliferation (A – BrdU assay) and viability (B -
MTT assay) of PC-3 and DU 145 human prostate cancer cells measured 96 h post-irradiation. The results are
the mean±SEM from 3 separate experiments done in quadruplicates. Statistical differences between the treated
and control cells were determined by one-way ANOVA. **p<0.01, *** p<0.001.

Cell proliferation after irradiation was evaluated by BrdU incorporation assay. The results are
presented as percentages, calculated according to the formula given under Experimental section. As
seen from Figure 2A, radiation dose of 20 Gy induced 71% of DNA synthesis inhibition in DU 145
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cells and 63% of inhibition in PC-3 cells. The calculated ID50 value which induces 50% inhibition of
DNA synthesis, was 11.25 ± 1.00 Gy for DU 145 and 11.90 ± 1.07 Gy for PC-3 human prostate
carcinoma cells. The radiation dose dependence of DNA synthesis inhibition was significant for both
DU 145 and PC-3 cells, as estimated by one-way ANOVA (F 26.8, p<0.001 and F 15.1, p<0.001
respectively).
MTT assay showed that the inhibitory radiation dose that decreases cell viability from 1.0 to 0.5
(EC50) was not achieved by the gamma-radiation doses used in the present study, i.e. up to 20 Gy, in
the investigated cell lines. In irradiated DU 145 cells, viability inhibition varied from 14% to 45% for
the radiation doses of 2 Gy and 20 Gy, respectively (Fig.2B). However, the results showed a
significant dose-dependent decrease in cell metabolic activity, as judged by one-way ANOVA (F 37.5,
p<0.001). In the case of PC-3 cells, irradiation with 2-20 Gy of gamma-rays caused cell metabolic
activity decrease from 11% to only 27%, but the dose-dependence of the process was also significant
(F 5.36, p 0.003).

4. Discussion

The presented study follows 60Co radiation-induced effects in the two human prostate cancer cell lines:
DU 145 cells which are derived from human brain metastasis and PC-3 cells obtained from human
bone metastasis of prostate adenocarcinoma. According to literature data both cell lines are hormone-
independent. For these experiments, the radiation doses of 2- and 10 Gy were chosen to be
representative of the 1.8−2 Gy daily clinical fractions given during curative radiotherapy and the
radiation doses of 8−10 Gy were chosen to represent the single doses given in palliative radiotherapy.
One higher dose of 20 Gy was also included as a representative of the cumulative curative dose for
human carcinomas.
The cell growth analysis indicates that PC-3 cells are larger than DU 145 cells as they achieve the
confluence (e.g. maximal cell number per plate) at 1.2x105 of cells/cm2, while DU 145 grow up to
1.8x105 cells/cm2.  The cell culture doubling time is 33h and 38.6h for PC-3 and DU 145 cell lines,
respectively. This may be due to faster division of PC-3 cells, but it may also reflect better plating
efficiency of PC-3 cells. The pattern of growth curves indicated that all experiments with these cells
should be performed between 3rd and 6th day post plating and that DU 145 cells should be plated at the
higher density than PC-3 cells.
Our results also show that gamma radiation has both cytotoxic and antiproliferative effects in both cell
lines. The antiproliferative effect of radiation is more expressed than the cytotoxic effect, and it is
similar in both DU 145 (ID50 11.25 Gy) and PC-3 cells (ID50 11.90 Gy). On the other hand 50% of cell
viability inhibition (cytotoxicity) is not attainable within the dose range of 2-20 Gy for either of the
cell lines studied.  Nevertheless, the MTT assay indicates that PC-3 cells are more resistant to
radiation cell-killing than DU 145 cells. Namely, irradiation of PC-3 cells by 20 Gy decreases cell
viability for 27%, while the same dose induces decrease in DU 145 cell viability for 45%.
In conclusion, this study shows that gamma radiation induces significant cytotoxic and
antiproliferative effects in PC-3 and DU 145 human prostate cancer cell lines. The effects on
proliferation are more expressed than cytotoxicity, and they are very similar in both cell lines. In
addition to that, PC-3 cells are more resistant to radiation-induced viability inhibition. In order to
achieve more pronounced cell killing, the new radiosenzitisers should be introduced.
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