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Background: This study aimed to assess the effects of exogenous SOD administration on 
prostate cancer cell line (PC-3) apoptosis via the intrinsic pathway by examining the 
expression of manganese superoxide dismutase (MnSOD), caspase-3, and apoptosis index 
of the PC-3 cell line.
Methods: We used the prostate cancer cells from secondary prostate cancer cell lines (PC-3) 
derived from castration refractory prostate cancer (CRPC), cell differentiation grade IV, and 
had metastasized to the bone from the American Type Culture Collection (ATCC, Rockville, 
MD, USA). Superoxide dismutase (SOD) is derived from extracts of melon seeds and wheat 
gliadin biopolymer, and divided into 62.5 mg/mL, 83 mg/mL, 125 mg/mL, and 250 mg/mL 
doses. Expression of MnSOD was measured by immunohistochemistry (IHC). Expression of 
caspase-3 was measured using Western Blot method. Apoptotic index is calculated based on 
the reaction introduction 3OH end of fragmentation of DNA by the enzyme terminal 
transferase in preparations with TUNEL staining reagents. A one-way ANOVA test and 
Pearson correlation test were used to determine the relationship between SOD with expres-
sion of caspase-3 and apoptotic index.
Results: SOD extract significantly increased the expression of caspase-3 (P=0.016) and the 
apoptotic index (P=0.000) (P<0.05). There was a correlation between the increased doses of 
SOD extract and the apoptosis index (P=0.015; r=0.679) and between the increased caspase- 
3 expression and the apoptosis index (P=0.015; r=0.682).
Conclusion: Administration of superoxide dismutase (SOD) increased apoptosis in 
a prostate cancer cell line (PC-3) through the increased expression of caspase-3. 
Superoxide dismutase (SOD) can be considered as a therapy for late-stage prostate cancer 
that had been progressed to hormone resistant and metastasized and promote apoptosis in 
those prostate cancer cells.
Keywords: apoptosis, prostate cancer, superoxide dismutase

Introduction
Prostate cancer is one of the most common cancers in men.1 Various factors, such 
as suspected genetic and environmental factors, are important for prostate cancer 
development. Until now, hormonal therapy strategy for managing locally advanced 
and metastatic prostate cancer is mainly based on the theory that prostate cells are 
sensitive to androgens.2–4

Various studies suggest that the chronic inflammatory process contributes to the 
progression of cancers in many organs including the prostate. The inflammatory process 
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itself generates reactive oxygen species (ROS) that can 
damage mitochondria and nuclear DNA. Damage in DNA 
and anti-oncogene will damage the normal apoptosis process 
in tissues and increase the progression towards cancer.2–6

Nowadays, the development of anti-cancer drugs has 
been shifted towards cell cycle transduction signal, growth 
factors, DNA repair, and apoptosis. Apoptosis specifically 
has an important role in carcinogenesis and cancer therapy. 
Apoptosis can occur via two pathways: the extrinsic path-
way and the intrinsic pathway. The intrinsic apoptosis 
pathway occurs when mitochondria are damaged. In the 
intrinsic pathway of apoptosis activation, caspase 9 plays 
a role as an initiator, while caspase 3 plays a role as an 
“executor” enzyme. Thus, an increase of caspase 3 will 
leads to an increase of apoptosis.7 Also, altered caspase 3 
expression may represent an additional mechanism of 
apoptotic resistance to androgen deprivation.8

Superoxide dismutase (SOD) is group of antioxidant 
enzyme that have a significant role in encountered oxida-
tive stress in cells. Manganese superoxide dismutase 
(MnSOD) is a primary SOD antioxidant enzyme present 
in mitochondria that plays an important role in detoxifying 
ROS.9 MnSOD is often decreased or missing in cancer 
cells. In some studies, decreased MnSOD activity corre-
lates to increasing cancer cell progression, migration, and 
invasion.10 In this study we aim to investigate the effect of 
exogenous SOD on prostate cancer cell caspase-3 activa-
tion and cell apoptosis as novel anti-cancer treatment for 
hormone resistant, bone metastasized prostate cancer cell 
line (PC-3).

Materials and Methods
Sample Characteristics
In this study we were using the prostate cancer cell line 
PC-3 that was derived from a patient with hormone ther-
apy-resistant prostate cancer with ISUP grade 4 and metas-
tasized to the bone. These cell lines were purchased from 
American Type Culture Collection (ATCC, Rockville, 
MD, USA), with inclusion criteria uncontaminated PC-3 
cell lines and confluent cell culture.

The growing medium used was Ham’s F12 containing 
2 mM L-glutamine, 1.5 g/L sodium bicarbonate and sup-
plemented with 10% fetal bovine serum (FBS) and 1% 
penicillin-streptomycin. Cell multiplication is done by the 
subculture through cell dissociation from the previous 
culture. The number of cells used in each treatment was 
calculated using a hemocytometer.

Superoxide Dismutase Preparation
Exogenous superoxide dismutase (SOD) was derived from 
the extracts of melon seeds and the wheat gliadin biopo-
lymer (GliSODin®, Kalbe Pharmaceutical, tbk.). The 
drugs were then diluted with aquadest and separated into 
four doses: 62.5 mg/mL, 83 mg/mL, 125 mg/mL, and 
250 mg/mL to find an optimal dose for cell apoptosis.

Study Design
This study was an in vitro experimental study with 
a completely randomized design. There were five experi-
mental groups in this study (four treatment groups and one 
control group) with three repetitions per group. The extract 
of superoxide dismutase (GliSODin®) was given to each 
treatment group.

Expression of MnSOD
MnSOD expression was determined using immunohisto-
chemistry (IHC) using rabbit antibody for MnSOD 
(Abcam, ab68155). MnSOD was measured in three high 
power fields (HPF) by an experienced pathologist.

Expression of Caspase-3
Caspase-3 activity was determined by Western blotting. 
Primary rabbit polyclonal antibody to caspase-3 (Abcam, 
ab32351) and secondary goat polyclonal antibody to rabbit 
IgG H  
& L (Abcam ab6271) were used. Caspase-3 cleavage was 
measured by detecting the products at different masses in 
kilodaltons.

Apoptotic Index
The proportion of types of apoptotic cells was calculated 
based on the reaction at the 3ʹOH end of DNA fragments 
by the terminal transferase enzyme and TUNEL staining 
reagents.

Statistical Analysis
Statistical analysis was preceded by a normality test of the 
data using the one-sample Kolmogorov–Smirnov test. If the 
data were normally distributed, then the data were analyzed 
using a parametric ANOVA (analysis of variance). 
Significance results were followed by a post-hoc test to 
determine which treatment group showed the most signifi-
cant results. The Pearson correlation test was conducted to 
show the correlation between each variable. This study was 
conducted after obtaining ethical approval from the Research 
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Ethics Committee Faculty of Medicine Universitas 
Padjadjaran No.719/UN6.C1.3.2/KEPK/PN/2016. All 
authors contributed to the data analysis, drafting, or revising 
of the article, have agreed on the journal to which the article 
will be submitted, gave final approval of the version to be 
published, and agree to be accountable for all aspects of the 
work.

Result of the Study
MnSOD Expression in Prostate Cancer 
Cell Lines (PC-3)
We measured the expression of MnSOD in PC-3 cell lines on 
each dosage using immunohistochemistry method. We found 
that there was an increase of MnSOD on each dosage group, 
with a peak increase of MnSOD expression on 250 mg/mL 
dosage (154.23 intensity/mm2) compared to the control 
group (63.35 intensity/mm2) of high power field (HPF). 
There was a significant increase of MnSOD expression on 
each dosage compared to negative control and control with 
antibody for MnSOD (P=0.0001) (Tables 1 and 2, Figure 1)

Caspase 3 Expression in PC-3 Cell Line
From Table 2, we found a progressive increase of caspase 
3 expression in PC-3 cell lines, with a maximum increase of 
caspase 3 expression at a 125 mg dose. We found 
a significant difference in caspase 3 expression in PC-3 cell 
lines compared to the control group (P=0.016) (Tables 3 
and 4, Figure 2). Table 4 shows that there was no significant 

difference between the concentration dose of 62.5 mg in 
increasing caspase-3 activity, as compared to the control 
group (P>0.05). However, significant differences were 
found on the concentration dose group of 83 mg, 125 mg, 
and 250 mg (P<0.05).

Apoptosis Index in PC-3 Cell Line
From Table 3, we found an increase of apoptosis index in 
PC-3 cell lines, with a maximum increase of apoptosis 
index at 125 mg dose (85.2%). We found a significant 
difference in apoptosis index in PC-3 cell lines compared 
to the control group (P=0.0001) (Tables 5 and 6, Figure 3). 
Table 6 shows that there was no significant difference 
between the concentration dose of 62.5 mg in increasing 

Table 1 Intensity of MnSOD Expression on PC-3 Cell Line

Mean Intensity 
(n=3/group)

P-value

Control negative 13.06±7.21

Control with AB 63.35±1.85 0.0001*
SOD 62.5 mg/mL 152.74±68.14

SOD 83 mg/mL 138.43±17.36

SOD 125 mg/mL 150.02±18.05
SOD 250 mg/mL 154.23±11.46

Note: *One-way ANOVA test.

Table 2 Post Hoc Analysis of MnSOD Expression

Treatment Comparison Factor P-value

Control with Antibody Control negative 0.062

SOD 62.5 mg/mL 0.004

SOD 83 mg/mL 0.01
SOD 125 mg/mL 0.004

SOD 250 mg/mL 0.003

Figure 1 Intensity of MnSOD expression on PC-3 cell line.

Table 3 Caspase 3 Expression in PC-3 Cell Line

Mean±SD (%) 
(n=3/group)

P-value

Control 8.07±1.36 0.016*

SOD 62.5 mg 19.73±0.58

SOD 83 mg 29.13±8.24
SOD 125 mg 33.85±12.26

SOD 250 mg 32.45±10.96

Note: *One-way ANOVA test.

Table 4 Post Hoc Analysis of Caspase 3 Expression

Treatment Comparison Factor P-value

Control SOD 62.5 mg/mL 0.113

SOD 83 mg/mL 0.011
SOD 125 mg/mL 0.003

SOD 250 mg/mL 0.005
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apoptosis activity, as compared to the control group 
(P>0.05). However, significant differences were found on 
the concentration dose groups of 83 mg, 125 mg, and 
250 mg (P<0.05).

Correlation Analysis Between MnSOD, 
Caspase 3, and Apoptosis Index in PC-3 
Cell Line
We performed correlation analysis between exogenous SOD 
dose, MnSOD expression, caspase 3, and apoptosis index. 
From Table 7, there were no significant correlations between 
increasing exogenous SOD dosage with MnSOD and 
Caspase 3 expression. On the other hand, there was 

a strong correlation between increasing exogenous SOD 
dosage with increasing apoptosis index in PC-3 cell lines 
(P=0.015, r=0.679). Other analysis showed that there was 
a strong correlation between increasing caspase 3 expression 
with apoptosis index (P=0.015, r=0.682).

Discussion
Superoxide dismutase (SOD) is a primary antioxidant 
enzyme found in the mitochondria. Among the SOD 
enzymes, the Manganese Superoxide Dismutase 
(MnSOD) is a predominant enzyme of the mitochondria. 
On 2005, Venkataraman et al11 have reported that an 
increase in MnSOD levels on breast and liver tissues will 
inhibit cancer cell growth. The MnSOD is one of the few 
SOD enzymes that are often lacking or nonexistent in 
tumor cells.

The study was conducted in vitro on prostate cancer cell 
lines (PC-3). This prostate cancer tissue culture is of a 62 year- 

Figure 2 Caspase 3 expression in PC-3 cell line.

Table 5 Apoptosis Index Expression in PC-3 Cell Line

Mean±SD (%) 
(n=3/group)

P-value

Control 24.2±5.25 0.0001*

SOD 62.5 mg 22.25±0.65

SOD 83 mg 48.67±12.76
SOD 125 mg 85.20±1.08

SOD 250 mg 80.05±19.21

Note: *One-way ANOVA test.

Table 6 Post Hoc Analysis of Apoptosis Index

Treatment Comparison Factor P-value

Control SOD 62.5 mg/mL 0.826

SOD 83 mg/mL 0.018
SOD 125 mg/mL 0.0001

SOD 250 mg/mL 0.0001

Figure 3 Apoptosis index expression in PC-3 cell line.

Table 7 Correlation Between SOD Extract Dose, MnSOD 
Expression, Caspase-3 Expression, and Apoptotic Index in 
a Prostate Cancer Cell Line (PC-3)

Correlation of Correlation 

Coefficient  

(rs)

P

SOD dose with MnSOD expression 0.097 0.764

SOD extract dose with expression of caspase-3 

SOD extract dose with apoptotic index 

Expression of caspase-3 with apoptotic index

0.373 

0.679 

0.682

0.272 

0.015 

0.015

MnSOD expression with caspase 3 expression −0.044 0.891

MnSOD expression with apoptosis index 0.102 0.753

Note: rs=Pearson correlation coefficient.
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old male with a poorly differentiated, bone-metastasized, stage 
IV prostate cancer on a refractory period after hormonal 
therapy. Later, the tissue was treated by different doses of 
SOD and observed through multiple periods.

The study revealed that, as compared to other test 
groups, the mean MnSOD enzyme levels are low in the 
prostate cancer cell line PC-3 tissue culture (negative 
control group). This is in accordance with previous litera-
ture regarding cancerous cells where they discovered 
reduced antioxidant enzyme levels, especially MnSOD, 
compared to those of normal cells. After the delivery of 
62.5 mg, 83 mg, and 250 mg SOD, mean increases in the 
MnSOD expressions are apparent as compared to control 
groups with P=0.000 (P<0.05). This proves that low levels 
of the MnSOD enzyme on prostate cancer cell line PC-3 
could be supplemented by exogenous SOD delivery (from 
outside of the body). This study also revealed that SOD 
supplementation (62.5 mg, 83 mg, 125 mg, and 250 mg) to 
every test group showed significant differences compared 
to the control group. However, there was no significant 
difference between the different dose concentrations 
despite an average increase of MnSOD expressions, 
directly proportional to dosage increments of up to 
250 mg SOD.

Increased MnSOD enzymes can serve as tumor suppres-
sor genes on prostate cancer cells. Tumor suppressor genes 
are specialized proteins tasked to induce apoptosis and 
DNA repair. Apoptosis can be initiated through two path-
ways, the extrinsic or the intrinsic (mitochondrial) pathway. 
Caspase is a mediatory enzyme responsible for cellular 
apoptosis; thus increased expressions of caspase are indica-
tors of an ongoing apoptosis process among cancer cells.12 

Numerous protein/enzymes mediate cell death through 
apoptosis via the proteolytic activity initiator and caspase 
executor by the intrinsic pathway (caspase-9) and caspase 
executor (caspase-3).13 A study by Zhang et al14 showed 
that caspase-3 was a key component in the apoptotic signal-
ing associated with the induction of inter nucleosomal DNA 
fragmentation. A study by Yu et al15 showed increased 
expression of caspase-3, −8, and −9 that was associated 
with increased apoptosis in cancer cells.

This study has shown an average increase of caspase-3 
expressions on all concentrated doses with significant differ-
ences compared to the control group, P=0.016 (P<0.05), 
hence expressing a directly proportional relationship between 
the increment of MnSOD enzyme and the increase of cas-
pase-3 activity of PC-3 cancer cells in the apoptosis process.

Table 4 has shown that there was no significant differ-
ence between the concentration dose of 62.5 mg in increas-
ing caspase-3 activity, as compared to the control group 
(P>0.05). However, significant differences were found on 
the concentration dose group of 83 mg, 125 mg, and 250 mg 
(P<0.05). This research has also shown that there is no 
significant difference between the groups 125 mg and 
250 mg in increasing the expression of Caspase-3.

The increase of caspase-3 can activate specific proteins 
in cells which will further induce the apoptosis process. 
The increase of caspase-3 enzyme expression will increase 
the turnover of prostate cancer cell line PC-3 in vitro 
through the intrinsic pathway. The reason for this is, the-
oretically, the enzyme MnSOD is present at the mitochon-
dria, which is also mediating the intrinsic pathway of 
apoptosis. Thus, this research adds to the bulk of evidence 
stating that the pathway of SOD in increasing the apopto-
sis rate of prostate cancer cell line PC-3 in vitro is through 
the intrinsic pathway (mitochondrial pathway). This 
research presented similar results to those of 
Palchaudhuri et al,16 who stated that small natural mole-
cules with anti-cancer properties might induce the intrinsic 
pathway of apoptosis (mitochondrial pathway) (Figure 4).

Figure 4 Proposed mechanism of induction of PC-3 cell line apoptosis by exogen-
ous SOD via intrinsic pathway.
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This research also observed the impact of the increase 
of apoptosis on the prostate cancer cell line PC-3. The 
results have shown that the average increase of apoptosis 
expression occurs after exposure of various concentrations 
of SOD, P=0.000 (P<0.05). This research also proves that 
there is no difference between the SOD concentration of 
62.5 mg in increasing the apoptosis rate as compared to 
the control group. However, several significant differences 
are present between the dosages of 83 mg, 125 mg, and 
250 mg in increasing the apoptosis rate of PC-3, as com-
pared to control groups (P<0.05), but no significant differ-
ence was found between dosage 125 mg and 250 mg in 
increasing apoptosis (P>0.05).

Hence, relating the effects of Superoxide Dismutase 
(SOD) to the increase of Manganese Superoxide 
Dismutase (MnSOD) in inducing the intrinsic pathway of 
apoptosis by observing the increase of caspase-3, we can 
gather that the best concentration doses are 125 mg and 
250 mg. The supplementation of exogenous SOD.

Conclusion
Administration of superoxide dismutase (SOD) increased 
apoptosis in a prostate cancer cell line (PC-3) through the 
increased expression of caspase-3. Superoxide dismutase 
(SOD) can be considered as a therapy for late-stage prostate 
cancer that had been progressed to hormone resistant and 
metastasized and promote apoptosis in those prostate cancer 
cells.
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