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Abstract

Ovarian cancer is the fifth leading cause of the cancer-related death among women. 9-nitrocamptothecin (9-
NC) is a water-insoluble derivative of camptothecin used for the treatment of patients with advanced ovarian
cancer. Previous studies showed that the encapsulation of 9-NC in poly (lactic-co-glycolic acid, PLGA)
nanoparticles increased the cytotoxic effect of the drug on different cancer cell lines. In the present study, the
cytotoxic effects of 9-NC, 9-NC-loaded PLGA and PLGA-polyethylene glycol (PLGA-PEG) nanoparticles
with varying degree of PEG (5, 10, and 15%) were evaluated on human ovarian carcinoma cell line.
Furthermore, the mode of cell death induced by 9-NC and the optimized 9-NC-loaded PLGA-PEG
nanoparticles on A2780 cell line were investigated. 9-NC incorporating nanoparticles were prepared by
nanopercipitation method and their physicochemical characteristics were evaluated using standard methods.
The results showed that activation of caspase-3 and -9 significantly increased by free 9-NC and PLGA-PEG
loaded nanoparticles in A2780 cells. In contrast to the free drug which increased the activation of caspase-8,
9-NC-loaded PLGA-PEG nanoparticles did not alter the activation of caspase-8. Collectively, it appears that
apoptosis induced by 9-NC incorporated in PLGA-PEG 5% occurred through the activation of caspase-9
rather than activation of caspase-8 which is the mediator of extrinsic pathway. Moreover, our results
confirmed that 9-NC in nanoparticles at the level of gene expression potentiated down-regulation of Bcl-2,
up regulation of Bax, and Smac/DIABLO leading to a decrease in mitochondrial membrane potential. Taken
together, our results showed that 9-NC incorporated in PLGA-PEG 5% nanoparticles is able to induce
apoptosis in A2780 human ovarian carcinoma cells and has the potential for the treatment of ovarian
carcinoma.
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INTRODUCTION Unfortunately, at physiological pH, these

potent agents undergo a rapid and reversible

9-Nitrocamptothecin (9-NC) (Fig. 1) is one
of the anticancer drugs that acting against a
broad spectrum of cancers (1-3). Similar to the
parent compound camptothecin, the derivative
anticancer drug, 9-NC, interferes with the
mechanism of action of the nuclear enzyme
topoisomerasel (4). Previous studies have
shown that the anti tumor activity of 9-NC is
greater than parent drug camptothecin in
human tumor xenografted in nude mice (4).
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hydrolysis with the loss of antitumor activity (5-
6). To overcome these problems, drug delivery
systems such as liposomes, nanocapsules,
micellar systems, and conjugates have been
attempted (7). Previous researchers have shown
that the encapsulation of the drug in poly
(lactic-co-glycolic acid) (PLGA) nanoparticles
increases its stability and its physicochemical
characteristics such as solubility and release
profile (8-10).
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Fig. 1. The pH dependence equilibrium between lacton and carboxylate forms.

The apoptosis-induction capacity rather
than necrosis induction is accepted as a key
feature of a potential antitumor drug. Virtually
all anticancer drugs induce apoptosis in
susceptible cell types (11). This biochemically
distinct form of cell death reflects, in large
part, activation of caspases which are a distinct
family of intracellular cysteine proteases (12).
The caspases, has been shown to play a central
role in initiation and execution of apoptosis.
Upon activation, these enzymes cleave specific
substrates and thereby mediate many of the
typical biochemical and morphological
changes in apoptotic cells (13).

Ovarian cancer is the most common cause
of death among all women malignancies.
Generally, the overall 5-year survival rate of
patients with ovarian cancer is only about
30%, partly due to the absence of the
symptoms at the early stages of the disease and
poor prognosis (14). Activated apoptotic
pathway by 9-NC per se in some clones
derived from a human ovarian cancer cell line
suggested that 9-NC alone may partially be
effective for the treatment of patients with
ovarian cancer (15). In our previous study, we
demonstrated that exposure of A2780 human
ovarian carcinoma cell line to 9-NC-loaded
PLGA-polyethylene  glycol (PLGA-PEG)
nanoparticles increased the cytotoxicity of the
drug (16). In the current study, we attempted
to shed more light on the underlying molecular
mechanisms through which the cytotoxicity of
PLGA-PEG nanoparticles encapsulating 9-NC
is mediated in A2780 human ovarian
carcinoma cell line.

MATERIALSAND METHODS

Preparation of nanoparticles
PLGA and PLGA-PEG
nanoparticles  incorporating

polymeric
9-NC  were
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prepared by nanoprecipitation technique.
Briefly, the exact quantity of polymer and drug
were dissolved in acetone and dispersed in the
aqueous phase (pH, 3) containing polyvinyl
alcohol as stabilizer.

The prepared nanoparticle suspension was
stired for 3 h at room temperature to
evaporate the organic solvent. Subsequently,
the nanoparticles were separated by
ultracentrifugation (Beckman, XL-90,USA ) at
30,000 rpm and 4 °C for 20 min and lyophilized
using a lyophilizer (ZibrusVaco 10-II-E;
Germany) to obtain a fine powder of 9-NC-
loaded nanoparticles (10).

The mean size and zeta potential of
nanoparticles were measured by dynamic light
scattering (DLS) (Zeta nanosizer, Malvern,
France) at 25 °C and at a scattering angle of
90°. Encapsulation efficiency was determined
by dissolving 20 mg of nanoparticles in 4 ml
acetone by ultrasonicator (Tecna 3, USA).
Concentrations of 9-NC in replicated samples
were determined at 370 nm using a UV-Vis
spectrophotometer (UVmini-1240, Japan). The
encapsulation efficiency was calculated by the
following equation:

m

(1

Encapsulation  efficiency  (%)=(Drug

nanoparticles / Drug quantity originally used) x 100

Cell culture

A2780 cell line obtained from Pasteur
Institute (Tehran, Iran) was incubated at 37 °C
in a humidified atmosphere (90%) containing
5% CO, (Binder, Germany). Cells were
cultured in Dulbecco's modified FEagle's
medium (DMEM-F12) (Ideh Zist, Iran) with
10% (v/v) fetal bovine serum, 100 U/ml
penicillin and 100 pg/ml streptomycin.

The medium was changed every two to
three days and sub-cultured when the cell
population density reached to 70-80%
confluence.

quantity



Assessment of cell proliferation

The cytotoxic effects of free drug and drug-
loaded nanoparticles were determined on
A2780 cell line using 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT) ( Sigma, USA) assay and compared
with the untreated cells (17). 200 ul of cells
were plated onto 96-well plates at a density of
4.0 x 10* cells/well. Cells were then treated
with various concentrations of 9-NC and 9-
NC-loaded nanoparticles for 24 h. At
appropriate time intervals, the medium was
removed and replaced by 100 pl of 0.5 mg/ml
of MTT. Afterwards the plates were
transferred to an incubator and kept for 3-4 h
at 37 °C. Supernatants were removed and the
reduced MTT dye was solubilized in 100 pl
dimethyl sulfoxide (DMSO) added to each
well. Absorbances were measured on the
enzyme-linked immunosorbent assay (ELISA)
plate reader (Biotek, HIM.) at a test
wavelength of 570 nm and a reference
wavelength of 630 nm (OD570-0OD630) to
obtain sample signals. IC50 values were
calculated by plotting the logl0 of the
proliferation  percentage  versus  drug
concentration.

Detection of caspase-3, -8 and -9 activation

Caspase-3, -8 and -9 assays were carried
out using the sigma colorometric caspase assay
kit (Sigma, St Louis, MO, USA). This assay is
based on the ability of the active enzyme to
cleave the chromophore from the enzyme
substrate, Ac-DEVD-pNA (for caspase-3), Ac-
IETD- pNA (for caspase-8), and Ac-LEHD-
pNA (for caspase-9) in equal amount of cells
protein. The cells (5 x 10°) were harvested and
lysed in 70 pl of the cell lysis buffer included
with the kit, and protein concentrations were
equalized for each condition. Subsequently, 10
pl of cell lysate was combined with an equal
amount of substrate reaction buffer containing
caspase-3, -8 and -9 colorimetric substrates.
This mixture was incubated for 2 h at 37 °C,
and then absorbance was measured with a
plate reader (BioTek, HIM,USA).

Analysis of apoptosis-related gene expression

To investigate the mitochondrial apoptotic
events, changes in the levels of Bax,
Smac/DIABLO, and Bcl-2 (B-Actin served as
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intrinsic control) were determined. Total RNA
was extracted from A2780 by high pure
isolation kit (Roche, Mannheim Germany)
according to the manufacture instructions.
The primers used in this study were
selected from published studies (18,19).
Quality and quantity of total RNA were
assessed using spectrophotometer
(NanoDropTM 2000, USA).

Thermal cycler conditions were 15 min at
50 °C to synthesize the cDNA, 10 min at 95 °C
followed by 40 cycles of 15 s at 95 °C to
denature the DNA and 45 s at 60 °C to anneal
and extend the template. All reactions were
performed in triplicate in a Corbett system
(Australia) .The value obtained for the target
gene expression were normalized to B-actin
and analyzed by the relative gene expression -
AACT method where:

-AACT=(CT target —CT B-actin) Unknown — (CT target
— CT P-actin) calibrator )

Measurement of mitochondrial membrane
potential

Mitochondrial dysfunction has been shown
to participate in the induction of apoptosis
(20). In the present study, mitochondrial
membrane potential (MMP) was measured
using rhodamine 123 fluorescent dye. It is a
cell permeable cationic dye that preferentially
enters into mitochondria based on highly
negative mitochondrial membrane potential
(21). Depolarization of MMP (W¥m) during cell
apoptosis results in the loss of rhodamine 123
from the mitochondria and a decrease in
intracellular fluorescence intensity. After the
treatment, A2780 cells were incubated with
rhodamine 123 for 30 min at 37 °C. Then, cells
were lysed with Triton X-100. The
fluorescence was measured at an excitation
wavelength of 488 nm and an emission
wavelength of 510 nm using a fluorescence
microplate reader (BioTek, HIM, USA).

Statistical analysis

Each experiment was performed at least
three times, and the results were presented as
mean + SEM. One-way analysis of variance
(ANOVA) followed by Turkey’s test was used
to compare the differences between the means.
A probability value of P<0.05 was considered
to be statistically significant.
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Table 1. Formulations and characterization parameters of 9-NC nanoparticles.

External - Internal Entrapment . .
. Polymer  Emulsifier L Particlesize
Composition phase (Ma) (mg) phase efficiency (nm) PDI
(ml) J J (ml) (%)
PLGA 21.33 165 28 12 32 175 0.16
PLGA-PEG 18 125 50 4 45.7 134 0.23

Table 2. IC5, Concentrations of free and loaded 9-NC in nanoparticles.

Group ICs0 £ SEM (UM)
Free drug 8.6+0.23
PLGA 5.8+£0.35
PLGA-PEG 5% 1.01 £ 0.06
PLGA-PEG 10% 3.31+0.51
PLGA-PEG 15% 1.89 +0.002

Data are expressed as the mean = SEM of three separate experiments.
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Fig. 2. Cytotoxic effects of 9-NC and 9-NC nanoparticles in A2780 cancer cells. The cells were incubated with different
concentrations of 9-NC and 9-NC nanoparticles for 24 h. The cell proliferation inhibition was determined by MTT
assay as described under materials and methods. Data are presented as mean + S.E.M (n=3).

RESULTS

Nanoparticle preparation and characterization

The basic characteristics of the nanoparticles
prepared in this study are presented in Table 1.
The average diameter was 98 nm for PLGA
nanoparticles and 112 nm for PEG-PLGA
containing 5% PEG. Zeta potential for PLGA
and PLGA-PEG nanoparticles were around
12.3 and 22.6 mV, respectively.

Determination of cytotoxicity

The concentration-response curves were
generated and the drug sensitivity was
expressed as a drug concentration that caused
50% growth inhibition (ICsp). As shown in
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Fig. 2, treatment with 9-NC-loaded
nanoparticles shifted the 9-NC concentration-
response curve to a lower ICsy values in a
dose-dependent manner. The average ICs
values of 9-NC, 9-NC-loaded nanoparticles are
shown in the Table 2.

Based on these findings, PLGA-PEG 5%
was able to transport more drug into the cells,
thus achieving a lower cell viability and
showed greater cytotoxicity compared to free
drug or other nanoparticles after 24 h
treatment. Therefore, PLGA-PEG 5% was
selected for further experiments to elucidate
the underlying mechanism of action of 9-NC
loaded nanoparticles on A2780 cell line.



Determination of caspase-3,
activities

The findings showed that after exposure of
the cells to the half maximal inhibitory
concentrations (ICsp) of 9-NC and 9-NC-
loaded PLGA-PEG 5% nanoparticles, caspase-
3 as well as caspase-9 activations were
increased significantly in A2780 cells
compared to their respective controls (Figs. 3a
and 3b). In contrast to the free drug which
increased the activation of caspase-8, 9-NC-
loaded PLGA-PEG nanoparticles did not alter
the activation of caspase-8. Collectively, it
appears that apoptosis induced by 9-NC
incorporated in PLGA-PEG 5% occurred
through the activation of caspase-9 rather than
activation of caspase-8 which is the mediator
of extrinsic pathway.

-8 and -9

Determination of mRNA expression of some
critical genesinvolved in apoptosis
Real-time RT-PCR analysis clearly showed
A)
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a significant reduction in the expression level
of Bcl-2 after 24 h treatment with 9-NC-loaded
PLGA-PEG 5% nanoparticles. Moreover,
induction of apoptosis by 9-NC -PLGA-PEG 5%
was accompanied by increase in mRNA
expression of Bax and Smac/DIABLO genes.
Surprisingly, we did not show any significant
change in the mRNA expression of Bcl-2 and
Smac/DIABLO genes upon treatment with 9-
NC. Induction of apoptosis by 9-NC was only
accompanied by increase in mRNA levels of
proapoptotic Bax in A2780 cells (Fig. 4a-c).

Determination of MMP

We detected the effect of 9-NC and 9-NC-
loaded PLGA-PEG 5% nanoparticles on the
mitochondrial membrane potential in the
A2780 cells. When A2780 cells were treated
with 9-NC and 90-NC-loaded PLGA-PEG 5%
nanoparticles for 24 h at 37 °C, a
decrease in the retention of rhodamine 123
was obs%gved (Fig. 5).
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Fig. 3. Involvement of activation of A; caspase-3, B; caspase-9 and C; caspase-8 in the induction of apoptosis on A2780
human cancer cells. Cells were incubated with IC50 concentration of the 9-NC and 9 NC-PLGA-PEG 5% (9-NC-NP)
and harvested at 24 h and cell lysates were assayed using microplate reader for activation caspases. Significant
differences were compared with the control. Data are presented as mean = S.E.M.*; P<0.05, **; P<0.01 and ***;

P<0.001 vs. control.
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Fig. 5. The effect of 9-NC and 9 NC-PLGA-PEG 5% (9-NC-NP) on MMP in A2780 human cancer cells. Data are
presented as mean + S.E.M, **; P<0.01 vs. control.
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DISCUSSION

This study was designed to evaluate the
anticancer activities of 9-NC and 9-NC-loaded
PLGA-PEG nanoparticles in human ovarian
cancer cells. In the current study we concluded
that 9-NC-loaded PLGA-PEG 5% is worthy of
interest because of its high activity against
A2780 cell line compared to other
nanoparticles. This result is consistent to our
previously described findings in which we
showed that encapsulation of 9-NC in PLGA-
PEG 5% nanoparticles could increase its
cytotoxicity in A2780 cells (16). Since, the
induction of apoptosis in tumor cells is
considered very useful in the management and
therapy as well as in the prevention of cancer,
in the present study, we investigated the mode
of cell death induced by 9-NC and 9-NC-
loaded PLGA-PEG 5% nanoparticles by
examining  well-characterized  apoptosis
markers in A2780 cell line. The Bcl-2 family
of proteins has emerged as a key regulatory
component of cell death process, acting to
either inhibit or promote cell death. Bax and
Bcl-2, the two main member of this family
influence the permeability of mitochondrial
membrane  (22).  Permeabilization  of
mitochondrial membrane causes bioenergetics
failure and permits the release of soluble
molecules from the outer space of the
mitochondria to the cytosol. One of the most
important molecules called Smac/DIABLO
cooperates in the cytosol to activate a cascade
of caspases (22). Activation of the pro-
apoptotic Bcl-2 family proteins triggers a
cascade of signaling events in the
mitochondrion-dependent apoptotic pathway
ultimately leading to cytochrome c release and
caspase-9 activation. Mature caspase-9
activates additional caspase-9 molecules as
well as caspase-3 and caspase-7 and in turn the
execution of cell apoptosis. In turn, caspase-3
activates downstream caspases in a proteolytic
cascade (19,22). The results showed that
activation of caspase-3 and -9 significantly
increased by free 9-NC and PLGA-PEG
loaded nanoparticles in A2780 cells. In
contrast to the free drug which increased the
activation of caspase-8, 9-NC-loaded PLGA-
PEG nanoparticles did not alter the activation
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of caspase-8. Collectively, it appears that
apoptosis induced by 9-NC incorporated in
PLGA-PEG 5% occurred through the
activation of caspase-9 rather than activation
of caspase-8 which is the mediator of extrinsic
pathway. Similar results were also reported in
the study by Chaterjee and coworkers, in
which, 9-NC induced apoptosis through
extrinsic pathway in DU145 human prostate
carcinoma cells (23). In addition, it has been
reported that the apoptotic pathway was
activated by 9-NC in some clones derived
from a human ovarian cancer cell (16). To
gain a better understanding of how 9-NC and
9-NC-loaded PLGA-PEG 5% nanoparticles
are able to induce apoptosis, we investigated
apoptosis related genes expression. Our results
confirmed that 9-NC-loaded PLGA-PEG 5%
nanoparticles at the level of gene expression
potentiated down regulation of Bcl-2, up
regulation of Bax, and Smac/DIABLO leading
to a decrease in mitochondrial membrane
potential. Therefore, these effects could be
attributed to an increased sensitivity of the
A2780 cells to induced apoptosis when
exposed to 9-NC-loaded PLGA-PEG 5%
nanoparticles.

CONCLUSION

To summarize, 9-NC nanoparticles with 5%
PEG-surface modification inhibited the growth
of human ovarian carcinoma cells A2780 and
induced mitochondria-related apoptosis. The
more detailed mechanism of cell apoptosis by
9-NC- loaded PLGA-PEG 5% nanoparticles
remains to be elucidated.
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