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Survival role of superoxide dismutase 1 on human granulosa luteinized
cells in vitro
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Objective. Deleterious effects of free radicals do not only result from the amount of free radicals
produced but also are related to the efficiency and to the activities of enzymatic antioxidant sys-
tems. We investigated the effect of exogenous superoxide dismutase (SOD1) or Cu-chelating agent
diethyldithiocarbamate (DDC) on the apoptosis (caspase-3 activity) of human granulosa luteinized
cells (hGLC) in vitro.

Methods. The effects of SOD1 and DDC were studied using in vitro culture system, caspase-3
and the total SOD activity in hGLCs were measured using AcDEVD-PNA substrate and Beaushap
and Fridovich methods, respectively, after 48 h of the culture period.

Results. The activity of SOD1 was the lowest in GLCs treated with 100 uM DDC as compared to
control cells and to the cells supplemented with Cu, Zn-SOD or DDC (10 uM). The effect of DDC
was associated with elevated caspase-3 activity as compared to control cells.

Conclusions. It was demonstrated for the first time that the supplementation of cultured hGLCs
with Cu?+, Zn?+-SOD (200 U/ml) maintains the viability of hGLCs via caspase-3 suppression.

Key words: apoptosis, caspase-3, granulosa luteinized cells, superoxide dismutase, diethyldithio-

carbamate

There is a continuous contact between cells and high
reactive oxygen-derived free superoxide, hydrogen
peroxide and hydroxyl radicals. The protection against
these free radicals is achieved by natural antioxidant
molecules, mainly by antioxidant enzymes such as
superoxide dismutase (SOD), catalase and glutathione
peroxidase which act in a cooperative or synergistic way
to ensure the cell protection.

The SOD converts highly reactive and damaging
superoxide free radicals to peroxides. Three different
SODs are known in humans including CuZn-SOD
(SOD1) found in the cytoplasm and nucleus (Crapo et
al. 1992), mitochondrial Mn-SOD (SOD2) (Weisiger
and Fridovich 1973), and an extracellular SOD (EC-
SOD, SOD3) (Marklund 1982). However, SOD1 is also
localized in inter membranous space of mitochondria
(IMS-SOD) in various types of cells and the active

enzyme has been reported to be implicated in the pro-
tection of vital mitochondrial functions (Inarrea et al.
2007). SODs were also found in normal cycling human
ovaries (Shiotani et al. 1991; Tamate et al. 1995; Suzuki
etal. 1999) and SOD activity has been measured in hu-
man follicular fluids (Sabatini et al. 1999; Carbone et
al. 2003; Kably Ambe et al. 2004, 2005; Pasqualotto et
al. 2009). SODs expression has been demonstrated in
human follicular granulosa cells (Tatone et al. 2006) and
adjacent cumulus oophorus cells (Matos et al. 2009). In
GLCs the antioxidant enzymes play a crucial role in the
scavenging of superoxide anions and hydrogen peroxide
generated during the synthesis of steroid hormones
(Tatone et al. 2008).

The oxidative stress starts the action when the genera-
tion of reactive oxygen species (ROS) and other reactive
radicals go beyond scavenge capacity of antioxidants
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and thus provoke many intracellular events including
apoptosis.

In humans, oxidative stress-related damages of
oocyte and GLCs structures have been described by de
Bruin et al. (2004). Apoptosis has since been recognized
and accepted as a distinctive and important mode of
“programmed” cell death, which involves genetically
determined elimination of cells, generally characterized
by distinct morphological characteristics and energy-
dependent biochemical mechanisms (Elmore 2007).
Inhibitors of oxidative stress and antioxidants have
been reported to mimic the ability of gonadotrophins
to suppress apoptosis in rat ovarian follicles (Tilly and
Tilly 1995) and in the rabbit corpus luteum in vitro
(Dharmarajan et al. 1999).

Diethyldithiocarbamate (DDC) is Cu-chelating
agent generally used as an inhibitor of cytoplasmic
SODI activity. The inhibition of SOD1 with DDC has
been found associated with the induction of cell dead
in different cell types (Siwik et al. 1999; Moriyama-
Gonda et al. 2002; Kimoto-Kinoshita et al. 2004), with
enhancement of methylglyoxal-induced apoptosis (Du
et al. 2001) or with increased SOD1 mRNA level and
decreased catalase and glutathione peroxidase mRNA
level (Maitre et al. 1993).

In this study we investigated the effect of exogenous
superoxide dismutase (SOD1) supplementation or the
effect of Cu-chelating agent diethyldithiocarbamate on
the apoptosis (caspase-3 activity) of human granulosa
luteinized cells (hGLCs) in vitro.

Materials and Methods

Isolation of human GLCs. For each experiment
GLCs were isolated from follicular aspirates, macro-
scopically without blood contamination, obtained after
ovum pick-up from at least three women undergoing
IVF-ET program, after informed consent was given.
Ethical approval of GLCs investigations was obtained
by the local clinical ethical committee (ReproBioMed.
Center, Sofia). After gradient centrifugation on Histo-
paque-1077 (Sigma’, Saint Louis, Missouri, USA), GLCs
were aspirated from interphase and washed with culture
medium (HAM’s F-12, 10 % fetal calf cerum (FCS)
(Sigma). The cell viability was determined by Trypan
blue exclusion method.

Cell culture system and incubation. Isolated
GLCs from at least three women were diluted in
HAM’s F-12 (10 % FCS) supplemented with penicillin
(100 IU/ml) and streptomycin (100 mg/ml) at 70x10*

cells/ml and cultured in 96-well plates (Linbro Flow
Labs, Virginia, USA) using 50 pl/well for 24 h at 37
°C and 5 % CO,. After 24 h culture period the me-
dium was removed and cells were supplemented with
10, 100, 200 U/ml SOD1 (Cu?*, Zn**-SOD; Institute
of Microbiology, Bulgarian Academy of Sciences).
Purified Cu®', Zn**-SOD enzyme is a water-soluble
homodimeric glycoprotein with a molecular mass of
approximately 31.7 kDa and was isolated from Humi-
cola lutea 103 (Krumova et al. 2007) in HAM’s F-12
(1 % FSC) or with 10, 100 uM DDC (Sigma) in
HAM’s F-12 (1 % FSC). Control cells were supple-
mented with HAM’s F-12 (1 % FCS) only and all cells
were cultured for next 24 h.

SOD activity determination. Cultured human
GLCs were suspended in 150 pl ice-cold phosphate
buffer (5 mM potassium phosphate, pH 7.0), 5 mM
EDTA; 10 % glycerol, 25 mM phenylmethylsulfonyl
fluoride and were sonicated on ice. Sonication condi-
tion was 90 s bursts, typically 3 times. The sonicated
GLCs were centrifuged at 12,000 x g, for 10 min at 4
°C. The activity of total SOD in the supernatants was
then determined.

Total SOD activity was measured by nitro-blue
tetrazolium (NBT) reduction method according to
Beauchamp and Fridovich (1971). The reaction mixture
contained 56 uM (NBT), 0.01 M methionine, 1.17 uM
riboflavin, 20 uM NaCN and 0.05 M phosphate buffer
pH 7.8. Superoxide was measured by increasing absorb-
ance at 560 nm at 30 °C after 6 min incubation from the
beginning of illumination. One unit of SOD activity was
defined as the amount of enzyme required for inhibi-
tion of the reduction of NBT by 50 % (A, ) and was
expressed as units per mg protein. Protein concentration
was estimated according to Lowry (1951) using bovine
serum albumin as standard.

Caspase-3 activity. Cultured cells were lysed with
a lysis buffer: 50 mM Hepes, 100 mM NaCl, 0.1 M
CHAPS, 1 MEDTA, 10 M DTT, 10 % glycerol (Sigma’).
Soluble fraction of the cell lysate was assayed for cas-
pase-3 activity using AcDEVD-PNA substrate (Sigma/,
Saint Louis, Missouri, USA). After incubation for two
hours at 37 °C and 5 % CO, the intensity of color reac-
tion being measured by Multiplate reader (LKB, Roma,
Italy) at 405 nm.

Statistical evaluation was performed with software
package STATISTICA 6.0 using one way ANOVA fol-
lowed by Newman-Keuls post hoc test and the results
were expressed as mean+SD and significance was as-
sumed at p< 0.05.
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Results

The supplementation of GLCs with each dose of
10 U/ml, 100 U/ml or 200 U/ml Cu?**, Zn**-SOD was
associated with significant dose dependent increase of
GLCs SOD activity compared to the control (Table 1
and Fig. 1, P<0.05).

The measurement of caspase-3 activity showed that
the cells treated with 10, 100, 200 U/ml Cu**, Zn**-SOD
have lower activity of executor enzyme compared to the
control cells, but the suppressive effect on caspase-3
activity reached the significance at 200 U/ml Cu*,
Zn**-SOD treatment (Table 2 and Fig. 2, P<0.05). The
GLC’s caspase-3 activity after 10 U/ml and 100 U/ml
Cu?*, Zn**-SOD treatment was comparable (Table 2
and Fig. 2, p>0.05) in spite of significantly higher SOD
activity as found after 100 U/ml Cu*, Zn**-SOD treat-
ment compared to 10 U/ml - treatment (Table 1 and
Fig. 1, p<0.05).

Depending of the dose used, dual effect of DDC on
GLCs total SOD activity was documented. Thus, the
treatment of GLCs with 10 uM DDC induced a sig-
nificant enhancement in the total SOD activity (Table
1 and Fig. 1, p<0.05), while the treatment with 100 uM
DDC significantly inhibited SOD activity compared to
the control cells (Table 1 and Fig. 1, p<0.05).

Despite of documented dual effect of DDC on GLCs
SOD activity, neither low dose (10 tM) nor high dose of
DDC (100 pM) treatment was associated with enhanced
GLC:s viability; the incubation of GLCs with both dos-
ages of DDC stimulated significantly the activity of
caspase-3 as compared to the control cells (Table 2 and
Fig. 2, P<0.05).

The highest total SOD activity in cultured GLCs,
induced after the supplementation with 200 U/ml Cu?,
Zn*-SOD, was associated with significantly (p<0.05)
lowest caspase-3 activity compared to the cells sup-
plemented with the 10 and 100 U/ml Cu?*, Zn**-SOD

Table 1

Comparisons of means GLCs SOD activity, Newman-Keuls test.
Marked differences (*) are significant at P <.05.

{1} {2} {4} {5} {6}
GROUP M=10.475 M=11.903 M=8.700 M=10.925 M=20.175 M=22.625
Control {1} *P<0.05 *P<0.05 *P<0.05 *P<0.05 *P<0.05
10 uM DDC {2} *P<0.05 *P<0.05 *P<0.05 *P<0.05
100 uM DDC {3} *P<0.05 *P<0.05 *P<0.05
10 U/ml SOD {4} *P<0.05 *P<0.05
100U/ml SOD {5} *P<0.05
200 U/ml SOD {6}
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Fig. 1. Comparison of GLCs SOD activity measured in cultured GLCs, after treatment with exogenous SOD and Cu-chelating

agent DDC.
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and to the cells treated with 10, 100 uM DDC (Table 2
and Fig. 2).

Discussion

ROS are continuously neutralized by antioxidants
present in body tissues. Whenever the production of
ROS exceeds the scavenging capacity of antioxidants, it
leads to oxidative stress (Desai et al 2008). Many studies
have shown that the redox state of the cell, resulting from
the accumulation of ROS and a decrease of antioxidant
levels, is involved in inducing of apoptotic cell death
(Hockenbery et al. 1993; Buttke and Sandstrom 1994).
We used a 48 h in vitro model of human GLCs, to inves-
tigate how the supplementation with various concentra-
tions of Cu?*, Zn**- SOD or with various concentrations
of Cu-chelating agent DDC influences GLCs total SOD
activity and the GLCs viability (caspase-3 activity) and
how these parameters are interrelated. In different cell

types dual effects of DDC on intracellular redox state,
either prooxidant (Maitre et al. 1993; Siwik et al. 1999;
Moriyama-Gonda et al. 2002; Kimoto-Kinoshita et al.
2004) or antioxidant (Ito et al. 2000, 2001) have been
observed. DDC inactivates Cu, Zn - SOD and extracel-
lular SOD by chelating the copper ion at the active sites.
Based on the measured GLCs total SOD activity, antioxi-
dative effect of low dose DDC (10 tM) and prooxidative
effect of high dose DDC (100 uM) were documented:
significantly higher GLCs total SOD activity (10 uM
DDC) and significantly lower GLCs total SOD activity
(100 uM DDC) was measured, respectively, compared
to the control cells.

ROS also induce the dissociation of cytochrome C from
cardiolipin on the inner mitochondrial membrane (Zhao
et al. 2004), oxidize the critical thiol groups in adenine
nucleotide translocase (ANT) (Li et al. 2006), cause changes
in the inner mitochondrial membrane that resulte in an
opening of the mitochondrial permeability transition pore,

Table 2

Comparisons of means GLCs Caspase-3 activity, Newman-Keuls test.
Marked differences (*) are significant at P <.05.

{1} {2} {3} {4} {5} {6}
GROUP M=.226 M=.245 M=.287 M=.234 M=.220 M=.204
Control {1} “P<0.05 “P<0.05 P=0.26 P=0.44 “P<0.05
10 uM DDC {2} “P<0.05 P=0.13 “P<0.05 “P<0.05
100 uM DDC {3} *P<0.05 “P<0.05 “P<0.05
10 U/ml SOD {4} P=0.14 *P<0.05
100 U/ml SOD {5} “P<0.05
200 U/ml SOD {6}
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Fig. 2. Comparisons of Caspase-3 activity of cultured GLCs in vitro, after treatment with exogenous SOD and Cu-chelating

agent DDC.
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loss of the mitochondrial transmembrane potential and
release of normally sequestered pro-apoptotic proteins as
cytochrome C, Smac/DIABLO, HtrA2/Omi, AIE, endonu-
clease G and CAD, from the intermembrane space into the
cytoplasm (Saelens et al. 2004). Cytochrome C binds and
activates Apaf-1 as well as procaspase-9, forming an “ap-
optosome’, which subsequently activates the main executor
enzyme caspase-3. Inhibition of GLCs apoptosis within rat
follicles incubated in medium at 1000 U/ml exogeneous
SOD (Tilly and Tilly 1995) or dose-dependent (1.5-150 U/
ml exogeneous SOD) inhibition of rabbit luteal cell apop-
tosis (Dharmarajan et al. 1998) has been described. In our
study for the first time we documented the positive effect
of supplementation of culture medium with 200 U/ml Cu,
Zn-SOD on the hGLCs viability in vitro. The obtained re-
sults showed that the elimination of superoxides, generated
during the physiological process of oxygen consumption
from GLCs, after supplementation with Cu, Zn-SOD, was
important condition for the maintaining of human GLCs
viability in vitro by the suppression of caspase-3 activity.
The apoptosis is a coordinated and often energy-
dependent process that involves the activation of
caspases and a cascade of events that link the initiating
stimuli to the final demise of the cell (Elmore 2007).
When the overall balance between physiological ROS
production and the total antioxidant defences becomes
unbalanced, this disequilibrium may eventually drive
the cell to apoptosis (Orrenius et al. 2007). In our study,
the highest activity of caspase-3 measured after the

treatment with 100 pM DDC was associated with the
lowest total GLCs SOD activity, showing the direct role
of Cu, Zn- SOD (SOD1) in the prevention of human
GLCs from apoptosis as was demonstrated by Inarrea
et al. (2007). We demonstrated that after treatment
with high dosage DDC, in human GLCs the delete-
rious effect was relative to the activity of enzymatic
antioxidant Cu, Zn-SOD (SOD1) which counteracts
the proapoptotic effect of the superoxide anion on the
cells in vitro. In spite of documented effects of DDC
on the total SOD activity in GLCs, the elevated GLCs
apoptosis, demonstrated by increased caspase-3 activ-
ity, was documented after treatment with either of 10
uM DDC or 100 uM DDC.

In conclusion, obtained results indicated that the
Cu, Zn-SOD in GLCs was closely involved in anti-
apoptotic mechanisms in human GLCs in vitro. In the
present study, for the first time, we demonstrated that
the supplementation with 200 U/ml Cu, Zn-SOD 200
U/ml maintains the human GLCs viability in vitro, by
the suppression of caspase-3 activity.
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