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Gamma-irradiation (γ-IR) is extensively used in the treatment of
hormone-resistant prostate carcinoma. The objective of the present
study was to investigate the effects of 60Co γ-IR on the growth, cell
cycle arrest and cell death of the human prostate cancer cell line DU
145. The viability of DU 145 cells was measured by the Trypan blue
exclusion assay and the 3(4,5-dimethylthiazol-2-yl)-2,5,diphenyltetrazolium bromide test. Bromodeoxyuridine incorporation was used
for the determination of cell proliferation. Cell cycle arrest and cell
death were analyzed by flow cytometry. Superoxide dismutase (SOD),
specifically CuZnSOD and MnSOD protein expression, after 10 Gy γIR, was determined by Western immunoblotting analysis. γ-IR treatment had a significant (P < 0.001) antiproliferative and cytotoxic
effect on DU 145 cells. Both effects were time and dose dependent.
Also, the dose of γ-IR which inhibited DNA synthesis and cell
proliferation by 50% was 9.7 Gy. Furthermore, γ-IR induced cell cycle
arrest in the G2/M phase and the percentage of cells in the G2/M phase
was increased from 15% (control) to 49% (IR cells), with a nonsignificant induction of apoptosis. Treatment with 10 Gy γ-IR for 24, 48, and
72 h stimulated CuZnSOD and MnSOD protein expression in a timedependent manner, approximately by 3- to 3.5-fold. These data suggest that CuZnSOD and MnSOD enzymes may play an important role
in the γ-IR-induced changes in DU 145 cell growth, cell cycle arrest
and cell death.

Introduction
Prostate cancer is the first in incidence
and the second leading cause of cancer-related mortality in the human male population
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(1,2). Advanced disease is mostly treated by
radiation therapy, sometimes in combination
with hormone therapy or chemotherapy, but
hormone withdrawal often leads to the selection of hormone-independent clones (3). The
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most desirable aim of radiotherapy is to
efficiently eradicate tumor cells with minimal deleterious effects to the surrounding
normal tissues and minimal consequent damage to the whole organism. Accordingly,
induction of apoptotic cell death plays an
important role (4-6). Radiation biology studies in rat prostate adenocarcinoma have
shown that irradiation-induced apoptosis
occurred at a higher rate in well-differentiated tumors compared to anaplastic ones (7).
Thus, increased radiosensitivity, judged by
apoptotic cell death as an end point, was
observed for well-differentiated tumors (7).
However, the results obtained for other systems demonstrated that gamma-irradiation (γIR) is an inefficient inducer of apoptosis (8,9).
In addition to IR-induced cell killing,
other clinically important effects of IR are
related to cell proliferation and cell cycle
arrest, i.e., to the control of tumor growth.
Most normal cells exposed to IR characteristically activate cell cycle checkpoints, resulting in cell cycle arrest at the G1/S or G2/
M checkpoints (10). Cancer cells are typically highly sensitive to radiation killing late
in the G2 phase of the cell cycle (11). Also,
when IR treatment with a high dose is used,
the cell cycle checkpoints tend to be activated after exposure to IR, whereas for low
dose IR this activation occurs during the
radiation treatment. Thus, the effect of IR on
the cell cycle should be defined as a function
of time (11).
Radiation damage to cells invariably occurs via an increase in the local concentration of reactive oxygen species (ROS). The
ROS increase also leads to induction of antioxidant defense mechanisms in the cell (12,
13). The first factor of enzymatic defense in
the cell cytosol compartment is CuZn-superoxide dismutase (CuZnSOD), whereas its
mitochondrial counterpart is MnSOD (13).
On the basis of these findings, it appeared
inviting to investigate the relationship between antioxidant enzymes and various γIR-induced end points in cancer cells. Few
Braz J Med Biol Res 39(2) 2006

data are available about carcinoma of the
prostate, especially regarding the enzymatic
antioxidant system. Only one or a few enzymes have been measured in normal and
cancer prostatic tissue of men and rats, or in
permanent cell lines (14-18). Therefore, in
the present study we determined CuZnSOD
and MnSOD protein expression in DU 145
cells exposed to γ-IR in order to investigate
whether these enzymes participate in γ-IRinduced changes in DU 145 cell growth, cell
proliferation, cell cycle, and cell death.

Material and Methods
Cell culture

The human prostate cancer cell line DU
145 was purchased from the American Type
Culture Collection (Rockville, MD, USA).
The cells were grown as monolayers in
Eagle’s medium supplemented with 10%
heat-inactivated fetal calf serum, 100 IU/mL
penicillin/streptomycin and 2 mM L-glutamine (Sigma Aldrich Chemie, Taufkirchen,
Germany) at 37ºC under a 5% CO2 atmosphere.
Cell irradiation

Cell IR was performed during the exponential phase of cell growth, with 2, 10 or 20
Gy γ-rays from a 60Co source (dose rate of 20
Gy/h).
Determination of cell growth and the cell
viability index by the Trypan blue exclusion
assay

For analysis of cell growth, DU 145 cells
were plated onto 6-well plates (2 x 104 cells/
well) and exposed to γ-IR, and the Trypan
blue exclusion (TBE) assay was performed
24, 48, and 72 h after γ-IR as previously
described (19). The viability index (VI) for
each sample was calculated in relation to the
corresponding control taken to be 100%.
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Determination of cell proliferation
(bromodeoxyuridine assay) and cell
cytotoxicity (3(4,5-dimethylthiazol-2-yl)2,5,diphenyltetrazolium bromide assay)
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each sample. The data were further processed with the LYSIS II software (Becton
Dickinson).
Western immunoblotting analysis

Following IR, γ-IR and control cells were
seeded in 96-well microtiter plates (5 x 103
cells/well). After 96 h, the cells were incubated with either the thymidine analogue
bromodeoxyuridine (BrdU; Roche Diagnostic, Mannheim, Germany) or 3(4,5 dimethylthiazol-2-yl)-2,5,diphenyltetrazolium bromide (MTT; Sigma-Aldrich). The BrdU assay was performed according to the manufacturer’s protocol, and the relative incorporation of BrdU was determined by measuring absorbance at 450 nm. After incubation
with 20 µL of 1 mg/mL MTT for 4 h, the
medium was removed, 100 µL of 0.1 M HCl
in isopropanol was added and incubation
was continued for an additional 1 h. Relative
viability was determined by measuring absorbance at 550 nm.
Flow cytometry

For cell cycle analysis, the DU 145 cells
were resuspended in 250 µL cold PBS and
fixed with 0.5 mL ice-cold 70% ethanol.
After the ethanol was washed out, the fixed
cells were treated with 50 µg/mL RNAse A
at 37ºC, incubated with 50 µg/mL propidium
iodide (PI) at 4ºC for 30 min and then analyzed with a FACS Calibur flow cytometer
(Becton Dickinson, San Jose, CA, USA).
Cell cycle distribution was determined using
ModFIT software (Verity Software House,
Inc., Topsham, ME, USA). In order to analyze cell death, approximately 1 x 105 DU
145 cells were mixed with 100 µL PBS
containing 5 µL/mL annexin V-FITC and 5
µg/mL PI (Travigen Inc., Gaithersburg, MD,
USA) before incubating at room temperature for an additional 15 min. After dilution
with 400 µL of binding buffer, multiparameter measurements were performed. A minimum of 10,000 events were collected for

Equal amounts of protein (20 µg) were
separated on a 10% SDS-polyacrylamide
gel and electrophoretically transferred to a
nitrocellulose membrane (Schleicher and
Schuell, Inc., Keene, NH, USA). Membranes
were blocked in blocking buffer with 5%
BSA in TBS-buffered saline (20 mM Tris,
137 mM NaCl, pH 7.6, containing 0.3%
Tween 20), washed in TBS and incubated
with the appropriate primary antibody against
CuZnSOD, MnSOD and actin (1:3500;
Stressgene Biotechnologies, Victoria, BC,
Canada). The immunoblots were subsequently washed and incubated with antirabbit antibody (Oncogene Research Products, San Diego, CA, USA) covalently linked
to alkaline phosphatase (1:4000) for 1 h.
Signals were electronically digitalized by
scanning and image intensity was quantitated with the ImageQuant software, version
1.2 (Molecular Dynamics, Sunnyvale, CA,
USA).
Statistical analysis

Values are reported as means ± SEM,
with N being the number of experiments.
Statistical significance was evaluated by oneway (MTT, BrdU assay and Western blot)
and two-way analysis of variance (ANOVA).
If statistical significance was found, the
Tukey post hoc test was used. The level of
significance was set at P < 0.05.

Results
Effects of γ -IR on DU 145 cell growth

The effects of γ-IR on cell growth were
analyzed by viable cell counts using the
TBE assay, 24, 48, and 72 h after treatment
Braz J Med Biol Res 39(2) 2006
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with different doses of γ-IR (2, 10, and 20
Gy). As the results show (Table 1), cell
growth was significantly reduced after exposure to γ-IR treatment and this reduction
was time and dose dependent. The ratio
between viable cell numbers in γ-IR cells
and control cells was reported as the VI
(Table 1). We determined that the greatest
effect of γ-IR occurred at a dose of 20 Gy,
which significantly decreased the viable cell
number 72 h after treatment compared to
control (control = 18.7 ± 0.6 x 105 cells/well;
γ-IR = 4.7 ± 0.4 x 105 cells/well, P < 0.001,
Table 1. Time- and dose-dependent effects of γirradiation on the viability index (VI) of DU 145
cells.
γ-irradiation

2 Gy
10 Gy
20 Gy

Viability index (%)
24 h

48 h

87 ± 2*
65 ± 1*
64 ± 2*

77 ± 2*
53 ± 1***
54 ± 2***

72 h
80 ± 3*
49 ± 1***
26 ± 2***

Data are reported as the mean ± SEM for three
experiments in duplicate. Cells were exposed to γirradiation (2, 10 and 20 Gy) and analyzed at 24,
48, or 72 h. VI (%) is the ratio between viable cell
number in γ-irradiated cells vs control cells times
100.
*P < 0.05, ***P < 0.001 for γ-irradiated cells vs
control (100%; two-way ANOVA followed by the
Tukey post hoc test).

Figure 1. Effect of different doses
of gamma irradiation (γ-IR) on
DU 145 cell viability. Cells were
exposed to different doses of γIR (2, 10, and 20 Gy) and analyzed after 96 h. Cell viability
was measured by the diphenyltetrazolium bromide assay. Untreated control samples were arbitrarily assigned a value of
100% and the results of all treatments were normalized to 100%
(i.e., % of control). Data are reported as the mean ± SEM for
three separate experiments performed in quadruplicate. ***P <
0.001 for γ-IR cells vs control
(one-way ANOVA followed by
the Tukey post hoc test).
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N = 3). Thus, the calculated VI was 26%. γIR treatment, also significantly decreased VI
in a time- (F = 20, P < 0.001) and dose- (F =
32, P < 0.001) dependent fashion. In addition, the γ-IR dose that induced a decrease of
cell viability from 100 to 50% (IC50) was
calculated to be 9.6 ± 0.9 Gy.
Cytotoxic and antiproliferative effects of γ -IR
on DU 145 cells

To determine whether γ-IR had a cytotoxic effect on DU 145 cells, we performed
the MTT assay on DU 145 cells treated with
γ-IR (2, 10 and 20 Gy) and used for experiments 96 h after treatment (Figure 1). In
these experiments the EC50 value, required
to decrease viability from 100 to 50%, was
not achieved. We determined that inhibition
of cell viability was in the 14 to 45% range
(for 2 and 20 Gy, respectively; Figure 1).
Furthermore, when we increased the dose of
γ-IR to 30 Gy, the induced inhibition of cell
viability was 46%. However, cell viability
was significantly decreased in a dose-dependent manner (F = 38, P < 0.001, N = 3),
with the maximum effect reached at a dose
of 20 Gy (45 ± 1%, P < 0.001, N = 3).
We also determined whether or not γ-IR
had an antiproliferative effect on DU 145
cells using the BrdU incorporation assay.
The γ-IR dose of 20 Gy (Figure 2) inhibited
DNA synthesis by 77 ± 2% (P < 0.001, N =
3). The ID50 value obtained was 9.7 ± 1.3
Gy, and this dose inhibited cell viability by
34 ± 2% as determined by the MTT assay,
whereas the inhibition of γ-IR DNA synthesis was statistically significant for all doses
applied (F = 27, P < 0.001, N = 3).
Cell cycle arrest and cell death under the
influence of γ -IR

Since γ-IR prevented cell growth, proliferation and DNA synthesis, we next used
flow cytometry to test whether γ-IR had an
effect on cell cycle arrest. A gradual increase
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in the percentage of cells in the G2/M phase
of the cell cycle occurred at 24, 48, and 72 h
after a dose of 20 Gy (Figure 3). This increase was paralleled by a decrease in the
cell population in the G0/G1 phase and was
dose- (F = 844, P < 0.001, N = 2) and time(F = 63, P < 0.001, N = 2) dependent. The
changes in S phase only depended on the
dose applied (F = 19, P < 0.001, N = 2), but
not on the time after treatment (F = 3, p =
0.06, N = 2). In addition, the percentage of
cells in the G2/M phase, 72 h after IR treatment (20-Gy dose) was significantly increased from 15.1 ± 2.0 (control cells) to
49.2 ± 1.3% (IR cells), whereas the number
of cells in the G0/G1 phase was decreased
from 71.2 ± 0.4 (control cells) to 29.1 ±
1.8% (IR cells; P < 0.001; Table 2).
The percentage of control cells in the
subG0/G1 phase was low (8 ± 1%). No
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reproducible or consistent increase in the
fraction of cells in the subG0/G1 phase was
observed after γ-IR. Furthermore, when the
cells were treated for 24 h with 300 µM
hydrogen peroxide, 100 µM etoposide, 1 µM

Figure 2. Cell proliferation after
different doses of gamma irradiation (γ-IR). DU 145 cells were
exposed to different doses of γIR (2, 10, and 20 Gy) and analyzed after 96 h. Cell proliferation was measured on the basis
of bromodeoxyuridine incorporation during DNA synthesis.
Untreated control samples were
arbitrarily assigned a value of
100% and the results of all treatments were normalized to 100%
(% of control). Data are reported
as the mean ± SEM for three
separate experiments performed
in quadruplicate. ***P < 0.001
for γ-IR cells vs control (oneway ANOVA followed by the
Tukey post hoc test).

Figure 3. Representative flow
cytometry histograms of the DU
145 cell cycle. A, Control cells.
B, C, and D, 24, 48, and 72 h
after treatment with 20 Gy gamma irradiation, respectively. The
arrows indicate the phases of the
cell cycle: G0/G1, S and G2/M.
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Control

V
EA
N

95.8 ± 0.3
0.3 ± 0.1
3.8 ± 0.4

93.4 ± 0.3
0.8 ± 0.1
5.9 ± 0.3

89.8 ± 0.4***
0.4 ± 0.1
9.8 ± 0.4***

doxorubicin, or UV light (50 J/m2), the percentage of cells in the subG0/G1 phase significantly increased, with the highest increase
detected 48 h after treatment (data not shown).
Thus, these cell treatments validated our
method for analysis of the cell cycle.
Since previous results have indicated that
γ-IR inhibited cell growth, viability, proliferation, as well as cell cycle arrest, we tested
the effect of γ-IR on cell death. As shown in
Table 3, γ-IR significantly decreased viability in a time- and dose-dependent manner (F
= 47 and F = 22, P < 0.001, N = 3), with the
exception of the lowest dose, 2 Gy. The
evidence for early apoptosis was minimal in
both control and γ-IR cells. Paralleling the
increase in the radiation dose applied, the
percentage of cells classified as early apoptotic increased from 0.3 ± 0.1 to 0.9 ± 0.2%
(Table 3), but neither time- nor dose-dependent statistical significance was observed.
Furthermore, the lack of apoptosis was confirmed by DNA gel electrophoresis, demonstrating no DNA ladder (data not shown).
However, the radiation had dose- and timedependent effects on the number of PI-positive cells in late apoptosis or necrosis (F =
20, P < 0.001; F = 54, P < 0.001, N = 3) and
was not markedly increased after 2 Gy of IR,
but was significantly increased after irradiation with 10 or 20 Gy (Table 3).

2 Gy

V
EA
N

92.9 ± 0.2
0.8 ± 0.3
6.4 ± 0.2

92.8 ± 0.5
0.8 ± 0.1
6.3 ± 0.4

89.4 ± 0.3***
0.8 ± 0.2
10.6 ± 0.7***

Effects of γ -IR on CuZnSOD and MnSOD
protein expression in DU 145 cells

10 Gy

V
EA
N

92.4 ± 0.9
0.6 ± 0.2
7.1 ± 0.8

89.8 ± 0.5***
0.8 ± 0.1
9.4 ± 0.5**

84.0 ± 0.4***
0.8 ± 0.1
15.3 ± 0.4***

20 Gy

V
EA
N

91.2 ± 0.9*
0.9 ± 0.3
7.4 ± 0.3

88.2 ± 0.9***
0.8 ± 0.2
10.8 ± 0.8***

80.5 ± 2.7***
0.6 ± 0.2
18.9 ± 2.5***

Table 2. Time- and dose-dependent effects of γ-irradiation on the distribution of the DU
145 cell cycle.
γ-irradiation

Time (h)

G0/G1 (%)

S (%)

G2/M (%)

Control

24
48
72

63.7 ± 1.1
71.2 ± 0.2*
71.2 ± 0.4*

11.6 ± 2.1
10.5 ± 0.6
9.8 ± 0.7

17.9 ± 0.4
13.1 ± 0.8*
15.1 ± 2.0

2 Gy

24
48
72

56.3 ± 0.3*
64.6 ± 0.8
66.2 ± 0.5

12.6 ± 1.2
10.1 ± 0.7
9.0 ± 1.4

24.2 ± 0.5**
17.7 ± 0.6
18.9 ± 0.8

10 Gy

24
48
72

51.6 ± 2.1***
45.3 ± 1.7***
42.0 ± 0.6***

13.3 ± 1.2
11.8 ± 0.2
11.5 ± 0.5

26.6 ± 0.3***
37.2 ± 0.7***
40.1 ± 0.6***

20 Gy

24
48
72

41.6 ± 0.9***
26.0 ± 2.1***
29.1 ± 1.8***

17.5 ± 1.4
18.5 ± 1.3*
15.6 ± 1.8

31.2 ± 1.0***
48.3 ± 0.7***
49.2 ± 1.3***

Data are reported as the mean ± SEM for two experiments. Cells were exposed to γirradiation (2, 10, and 20 Gy) and analyzed at 24, 48, or 72 h. G0/G1, S and G2/M
indicate the phases of the cell cycle.
*P < 0.05, **P < 0.01 and ***P < 0.001 for γ-irradiated cells vs control (two-way ANOVA
followed by the Tukey post hoc test).

Table 3. Time- and dose-dependent effects of γ-irradiation on DU 145 cell viability and
cell death.
γ-irradiation

Quadrant

24 h

48 h

72 h

Data are reported as the mean ± SEM for three separate experiments performed in
duplicate. DU 145 cells were exposed to different doses of γ-irradiation (2, 10, and 20
Gy) and analyzed at 24, 48, or 72 h. Flow cytometry analysis of cells stained with
annexin and propidium iodide (PI) was used for analysis of cell viability and cell death.
V = viable cells (annexin-/PI-); EA = early apoptosis (annexin+/PI-); N = late apoptosis/necrosis (annexin+/PI+).
*P < 0.05, **P < 0.01 and ***P < 0.001 for γ-irradiated cells vs control (two-way ANOVA
followed by the Tukey post hoc test).
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To determine whether γ-IR induces SOD
expression, we exposed DU 145 cells to 10
Gy γ-IR for 24, 48, and 72 h. Western immunoblotting analysis with anti-CuZnSOD and
MnSOD antibodies demonstrated that γ-IR
markedly enhanced both CuZnSOD (Figure
4) and MnSOD protein expression (Figure
5) in a time-dependent manner. No changes
in loading (checked with anti-actin antibody)
were detected.
Taken together, these data suggest that
these SOD enzymes, CuZnSOD and MnSOD,
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may be involved in γ-IR-mediated cell growth
and proliferation.

Figure 4. Effect of gamma irradiation (γ-IR) on the CuZn-superoxide dismutase (CuZnSOD)
protein level. A, A representative Western blot. CuZnSOD
behaves as a 16-kDa protein.
Actin is indicated as a loading
control. B, Results of densitometry analysis of separate Western blots (each bar is the mean
± SEM). ***P < 0.001 for γ-IR
cells vs control (one-way
ANOVA followed by the Tukey
post hoc test).

Discussion
We believe that our data on DU 145 cells
demonstrate that 60Co γ-IR is an effective
anticancer agent leading to the induction of a
G2/M cell cycle arrest and inhibition of proliferation of the hormone-refractory human
prostate cancer cell line DU 145.
In the present study, we selected the doses
of 2 and 10 Gy as representative of the 1.8to 2-Gy daily clinical fractions given during
curative radiotherapy and of the 8- to 10-Gy
single doses given in palliative radiotherapy.
We also applied a higher (20 Gy) dose that
was in the range of the cumulative curative
dose for carcinomas.
The data regarding viable cell counts
(TBE assay) showed a significant decrease
in the cell viability index, i.e., in the number
of viable cells in γ-IR DU 145 cells compared to control. These changes were dose
and time dependent. This observation was
confirmed by the MTT and BrdU assays.
The inhibitory doses obtained in these experiments (EC50 and ID50) were significantly
different (>20 and 9.7 Gy). The ID50 value
was in accordance with the IC50 dose obtained from VI calculations (9.6 Gy). However, the EC50 dose was markedly higher
than the ID50 dose. Thus, IR treatment within
a clinically relevant dose range would predominantly express antiproliferative effects
rather than cell killing. The significance of
the IR-induced antiproliferative effects has
been often underestimated compared to cell
death (4,6-9), but in the present study we
showed that a decrease of proliferation is the
most prominent effect of γ-IR on DU 145
cells.
Apoptotic cell death plays an important
role in the death of both normal prostate and
androgen-dependent malignant prostate tissue following androgen withdrawal, leading
to a decrease in glandular or tumor volume,

Figure 5. Effect of gamma irradiation (γ-IR) on Mn-superoxide
dismutase (MnSOD) protein
level. A, A representative Western blot. MnSOD behaves as a
22-kDa protein. Actin is indicated as a loading control. B,
Results of densitometry analysis of three separate Western
blots (each bar is the mean ±
SEM). ***P < 0.001 for γ-IR cells
vs control (one-way ANOVA followed by the Tukey post hoc
test).

respectively. However, recent data support
the hypothesis that apoptosis may not be the
dominant mode of cell death following radio- and chemotherapy in stromal (i.e., fibroblast) and epithelial tissues (5,20). One
mechanism by which cancer cells become
resistant to IR or chemotherapy is disruption
of the pathways that lead to apoptosis (21,
22). Alternately, permanent cell cycle arrest
or senescence-like terminal growth arrest
may also be factors in determining prostate
Braz J Med Biol Res 39(2) 2006
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cell death following radiotherapy.
Contrary to normal cells exposed to IR,
which usually results in cell cycle arrest at
the G1/S and G2/M checkpoints, cancer cells
are typically sensitive to radiation killing in
the late G2 phase of the cell cycle, especially
if they have the mutant p53 gene (23). Depending on the extent of IR-induced damage, cells either repair the damage during
cell cycle arrest and return to the normal cell
cycle or die. Our results demonstrated significant dose- and time-dependent changes
in the cell cycle. DU 145 cells exhibited a
persistent G2/M arrest after exposure to IR.
This correlates with a mutation in the p53
gene present in DU 145 cells (23). Radiation-induced accumulation of the cells in the
G2/M phase of the cell cycle was most prominent 72 h after exposure to 20 Gy. The appearance of a subG0/G1 peak, representing apoptotic cells, was hardly detectable. Furthermore, it has been reported (24) that combined
treatment with IR and genistein synergistically increased the radiosensitivity of DU 145
cells. Genistein plus IR could lead to more
cells arrested in the G2/M phase, with a timedependent increase in hyperdiploid cells and
induction of apoptosis (24). Thus, the evaluation of potential signaling pathways having a
role in IR regulation of the cell cycle will be
further explored in our laboratory.
Changes of the enzymatic and nonenzymatic antioxidative systems in different human tissues due to malignant processes have
been described (25-27). A correlation between the activity of free radicals and malignant changes is considered to be certain (25,
28). For example, free radical-induced DNA
base modifications have been reported in
cancerous tissues (29). It is possible that
these changes may be important for the development of new therapeutical approaches
(30). The antitumor effect of oxygen radicals has recently been proven (26). A reduced content of antioxidant enzymes in
tumor tissue compared with normal tissue
seems to be responsible for this effect (30).
Braz J Med Biol Res 39(2) 2006

Overexpression of CuZnSOD correlated with
increased IR resistance (31). Also, overexpression of MnSOD both at the mRNA and
protein level was correlated with increased
radiation resistance (32,33), whereas deficiency or a low level of the enzyme activity
was associated with increased radiosensitivity (32,34). In our study we found significantly increased CuZnSOD and MnSOD
expression in DU 145 cells after IR treatment. Based on the notion that IR affects
biological systems by increasing the intracellular concentration of ROS, i.e., intracellular concentration of O2·- (12,35-37), it was
expected that an in vitro IR challenge would
result in the induction of CuZnSOD and
MnSOD in DU 145 cells. Leach et al. (37)
demonstrated increased ROS concentration
in DU 145 cells after 1- to 10-Gy IR. In
addition, treatment of DU 145 cells with the
nucleoside analog, 8-Cl-cAMP, also induced
a G2/M arrest with a poor induction of apoptosis, but with time-dependent stimulation
of both CuZnSOD and MnSOD protein expression (data not shown). The increase in
SODs may be the cause of the relatively high
radiation resistance of DU 145 cells reflected in high IC50, EC50 and ID50 values. Also, it
has been reported that MnSOD is often overexpressed in cancer tissues, especially in the
presence of the mutant p53 gene (38). It is
known that overexpression of human MnSOD
substantially protects cells from IR injury
(32) and this could be the main reason why
DU 145 cells are unable to execute the apoptotic cell death program following IR, as
observed in our results. In addition, as hydrogen peroxide is known to be an important
mediator of cell cycle regulation (39) and as
its overproduction may lead to cell cycle
arrest in the G2 phase (40), the IR-induced
SOD expression and G2/M arrest in DU 145
cells may be the crucial processes, linked via
a similar hydrogen peroxide signaling mechanism.
Our study identifies some of the potential
molecular mechanisms involved in the DU
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145 cell response to γ-IR. The results indicate that the specific response of DU 145
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cells to γ-IR may result from altered expression of CuZnSOD and MnSOD enzymes.
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