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The presented study aimed to evaluate in vitro the effectiveness of improvement standard chemotherapy with bleomycin by
electroporation in two various ovarian cancer cell lines. Two human ovarian cell lines OvBH-1 and SKOV-3 were used. The
lines were selected because of their resistance to several therapeutic methods. As anticancer drug we use range of concentra-
tions of bleomycin. In EP and ECT experiments different voltage values: from 0 to 1200 V/cm, 8 pulses with duration of 100us
and intervals between pulses 1s long were used. The cells viability after applied treatments was evaluated by MTT assay. The
expression of heat shock proteins - HSP27 was examined by immunocytochemical ABC method.The cytotoxicity with dif-
ferent concentrations of bleomycin alone was not significantly decrease in both cell lines. It confirms resistance of these cells
to conventional chemotherapy. The highest decrease of cell proliferation was observed after EP with bleomycin after 48h of
incubation for 1000 V/cm. The intensity of expression of small heat shock proteins HSP27 slightly increased after ECT in both
treated cell lines, in particular in OvBH-1. The presented study indicated that application of electroporation may effectively
enhance chemotherapy with bleomycin, particularly in the case of treating ovarian cancer resistant to standard therapy.
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Despite stable progress in the early detection of cancer
and their treatment, tumors are still a large problem. Modern
diagnostics and therapeutics generate real expectations of
improvement of results of treatment. Ovarian cancer is one
of the common and most lethal among gynecological tumors
[1]. The pathogenesis of this cancer have been examined
through a long time, but still it is poorly understood. Until
now the aggressive surgery and standard chemotherapy have
been engaged to improve the survival rate in patients with
this cancer [2]. However the prognosis remains poor due to
diagnosis in advanced stages only and have accumulation of
mutations of the major oncogenes and/or tumor suppres-
sor genes. Moreover the primary and secondary resistance
of cancer cells is often involved in failure of generally used
chemotherapeutic methods and limits the effectiveness of
this treatment modality [3, 4]. Nowadays, to generally used
chemotherapeutic drugs for ovarian cancer treatment belong
cisplatin and taxane derivatives [5, 6]. Unfortunately only 15-
35% of patients respond positively on those treatment. The
favorable treatment of cancer is dependent upon the efficiency

of cytotoxic anticancer therapies either alone or in combina-
tion with other ways of treatment. The new diagnostic and
alternative therapeutic methods with significantly increase of
sensitivity and specificity are required. Electrochemotherapy
is one of the new techniques. This method is based on com-
bination of electroporation (EP) and chemotherapy [7]. EP
improve transfer of chemotherapeutics, which don’t have
potential to diffuse through cell’s membrane due to size and
physicochemical properties, like bleomycin. The mechanism
of EP is still not fully understood. The basic mechanisms of
membranes within electric field is the polarization, which
leads to EP. It is possible that the electric field forms the small
nanopores in plasma membrane by applying strong, short,
high voltage electric pulse, which lead to a new way to trans-
port substance into cells. The result can be reversible when the
plasma membrane is permeated only for brief moment [8, 9].
There are two common medicines studied previous in electro-
chemotherapy with successful results: bleomycin and cisplatin
[10, 11, 12]. Earlier the electroporation phenomenon was used
to gene and larger molecules like DNA, RNA transferring [13,
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14]. Currently EP is applied widely in various biological and
medical investigations [15, 16]. Bleomycin is characterized as
hydrophilic and impermeable drug, which transport through
the plasma membrane is very restricted [17]. The combination
of bleomycin and electroporation use significantly increases
the effectiveness of cancer cells treatment. Similar results were
also obtained with cisplatin [9, 12, 18].

The aim of our investigation was to estimate the effec-
tiveness of electrochemotherapy in comparison to standard
chemotherapy with bleomycin in two various ovarian cancer
cell lines revealing the resistance to standard chemotherapy.

Materials and methods

Cell lines. The investigations were performed on two
different ovarian cell lines: OvBH-1- human clear ovarian
carcinoma with silent mutation of P53 gene and resistant to
chemo- and radiotherapy and SKOV-3 line ~human ovarian
carcinoma cells resistant to diphtheria toxin, cisplatin and
adriamycin (ATCC Manassas, Virginia/USA). The first line
was established at the Department of Clinical Immunology,
Wroclaw Medical University from ascetic cells of a 54-years
old woman with ovarian clear cell adenocarcinoma. The mor-
phological, immunophenotype and temperature-sensitive
behavior of these cells were characterized previous [3]. Both
cell lines were grown in polystyrene flasks with 25 cm? cell
culture surface (Nunc, Denmark) as a monolayer in Dul-
becco modified Eagle medium (DMEM, Life Technologies)
at 37°C in 5% CO,. DMEM was supplemented with 2 mM
L-glutamine, 10% fetal bovine serum (FBS, Sigma-Aldrich,
Buchs/Switzerland) and 50 pg/ml streptomycin (Sigma-
Aldrich). For the experiments the cells were removed by
trypsinization (trypsin 0.25% and EDTA 0.02%; Sigma-
Aldrich) and washed with PBS.

The concentration of bleomycin. The chemotherapeutic
agent bleomycin was used (Sigma-Aldrich). At first cells were
incubated for 24 and 48 h with following concentrations of
bleomycin: 1; 3; 7.5; 30; 75; 300 and 750 nM. For further stud-
ies concentrations of bleomycin were selected by results from
MTT assay (Sigma Aldrich).

Electroporation (EP). EP was performed using ECM 830
device (BTX Harvard Apparatus, Syngen Biotech, Wroclaw/
Poland), generating electrical pulses with the magnitude of
0-3000 V/cm , 10-600 ps long, in the series of 1-99 pulses
separated by the time interval of 100 ms - 10 s. The electro-
poration parameters were: a series of eight electric pulses of
800-1000 V/cm, 100 us long, with the repetition frequency
1 Hz. Cells in suspension were centrifuged for 5 min at 800 rpm
and resuspended in the EP buffer with low electrical conduc-
tivity (10 mM phosphate, I mM MgCl,, 250 mM sucrose, pH
7.4) [19]. Cells were used for experiments after 10 min post
electroporation to determine cell membrane conditions called
“releasing time”.

Electro-Chemo reaction (ECR). We examined the effect
of electroporation on two different ovarian cell lines without

(control cells) and with bleomycin. Before electric pulses de-
livery, respective volumes of bleomycin solution were added
to the prepared EP buffer. Then EP was performed. The elec-
troporation conditions in ECR were selected according to the
sensitivity of cells to the electric field (previous study) [20].
After 10 min post electroporation cells were resuspended in
culture medium without drug and used to further experi-
ments.

Cells viability. The viability of cells was determined by
MTT assay (Sigma Aldrich) after standard chemotherapy and
electrochemotherapy. The MTT assay was used to estimation
of mitochondrial metabolic function. For the experiment the
cells were seeded into 96-well micoculture plates at 1 x 10*
cells/well and grown overnight. After incubation with selected
concentrations of bleomycin with electroporation or without,
the assay was realized according to the manufacture’s protocol.
The absorbance was determined using a multiwell scanning
spectrophotometer at 570 nm (Enspire Perkin Elmer Multi-
platereader, Waltham, Massachusetts/USA). Mitochondrial
function was expressed as a percentage of viable treated cells
in relation to untreated control cells.

Immunocytochemistry of HSP27 proteins. Immunocyto-
chemistry was performed using the peroxidise ABC labelling
according to manufacturer’s protocols (DAKO LSAB 2 kit,
Dako, Glostrup/Denmark). The cells used for experiments
were plated into 10-dip glass (Thermo Scientific, Waltham/
MA USA). The cultures were fixed and dehydrated using 4%
paraformaldehyde for 10 minutes. The enzymes expression
were visualised with rabbit monoclonal antibody (Santa Cruz
Biotechnology, Dallas/Texas, USA). The samples were analysed
with the upright microscope (Olympus BX51, Hamburg/Ger-
many). Stained cells were determined by counting 100 cells
in randomly selected fields. The result was assessed positive if
staining was observed in more than 5% of cells. The intensity of
immunocytochemical staining was evaluated as: (-) negative,
(+) weak, (++) moderate and (+++) strong. All experiments
were repeated three times.

Results

The concentration of bleomycin. The cell viability was ex-
amined by MTT assay after 24 and 48h incubation with various
concentrations of bleomycin according to our previous study
[21]. The results of drug screening for SKOV-3 and OvBH-1
cells were presented on the graphs 1 and 2. The investigation
showed that both cell lines were generally resistant to bleo-
mycin after 24 hours of incubation (Fig. 1A). However the
mitochondrial activity after 24 h post incubation with various
concentrations of bleomycin was above 50% but below control
untreated cells in SKOV-3 cells. The viability of OvBH-1 cells
was similar to control untreated cells (Fig 1A). After 48 h the
cytotoxicity of bleomycin remained close to control level in
both cell lines (Fig. 1B).

Electro-Chemo reaction (ECR). We examined the efficacy
of ECR with selective 30 and 300 nM concentration of bleomy-
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Figure 1. The impact of various concentration of bleomycin on the viability of SKOV-3 and OvBH-1 cells aafter 24 (A) and 48 (B) hours incubation.

cin in ovarian SKOV-3 and OvBH-1 cell lines in comparison
to standard chemotherapy. After 24 hours of incubation post
ECR with 300nM of bleomycin the significant therapeutic
effect was observed in both ovarian cancers, although in

OvBH-1 was stronger (Fig. 2). Where 800 V/cm electric field
was applied for 300 nM of bleomycin, the viability of OvBH-1
decreased to 42% and in SKOV-3 to 51%. After electroporation
with 1000 V/cm the proliferation reduced to 29% and 40% in

Figure 2. The effect of combined therapy (ECR) measured by viable cells after 24 hours in: (A) SKOV-3 and (B) OvBH- cell line; after 48 hours in: (C)
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SKOV-3 and (D) OvBH- cell line and after 72 hours in: (E) SKOV-3 and (F) OvBH- cell line.
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Figure 3. The immunocytochemical evaluation of HSP27 in ovarian cell lines after electrochemotherapy with bleomycin.

OvBH-1 and SKOV-3 cell lines respectively also for 300 nM
of bleomycin (Fig. 2A and B). Similar results were obtained
after 48 and 72 hours post ECR for SKOV-3. The longer time
of incubation (48, 72 hours) caused more significant viability
decreasing in OvBH-1 cells particularly for applying therapy
by 1000 V/cm for 300 nM of bleomycin. The dose 30 nM of
bleomycin was not sufficiently effective for both used electric
field intensity in both cell lines (800, 1000 V/cm) (Fig. 2C and
D) and (Fig. 2E and F).

Immunocytochemistry of HSP27 protein. The immuno-
cytochemical investigation are presented in the Table 1 and Fig.
3. The expression of HSP27 was evaluated before and after ECR
with parameters established previously — EP: 800 and 1000 V/
cm and bleomycin concentrations: 30 and 300 nM. SKOV-3
cells revealed slight immunocytochemical stained reaction
of HSP 27 protein in comparison to OvBH-1 cells. A slight
expression of HSP-27 was also observed in SKOV-3 cells post
standard chemotherapy for both concentrations of bleomycin
and after ECR with 800 V/cm and 30 nM of bleomycin (< 5%
and 10% of stained cells respectively). The increased intensity
of immunocytochemical reaction in SKOV-3 cells was observed
after ECR 1000 V/cm and 300 nM concentration of applied drug
(40% of stained cells). In OvBH-1 cells the expression of HSP
27 increased for each applied conditions of combined therapy.
The lowest level of HSP 27 was after standard chemotherapy
(10% for 30 nM and 20% for 300nM of bleomycin). The most
intense stained reaction was observed after ECR with 800 V/
cm electric field intensity for both concentrations of bleomycin
(97 and 100% of stained cells respectively).

Discussion

Conventional ovarian cancer treatments, such as surgery,
radio- and chemotherapy are not effective in many cases. Addi-

tionally the drug delivery is often invalid and a lot of cancer cells
are resistant to commonly used chemotherapeutics. Standard
chemotherapy indicates high cytotoxicity and low survival rate
in various cancers including also ovarian cancer. Electroche-
motherapy is a new cancer treatment, which can be applied
efficiently. It enables chemotherapeutic drugs dose reducing
and eliminating drug side effects [9, 20]. The application of the
electric field to the cell membrane with cytotoxic drugs in envi-
ronment could increase their uptake through malignant cells [7,
22]. In our studies we presented that both cell lines are resistant
to various concentration of bleomycin in standard chemo-
therapy. After electric field application with intensity range 800

Table 1. The evaluation of immunocytochemical reaction with HSP27
antibodies in human ovarian cancer cell lines after ECR with bleomycin
(the intensity of stained reaction was evaluated as: (-) negative, (+) weak,
(++) moderate and (+++) strong).

Concentration of % of positive

Cellline  EP [V/cm] bleomycin [nM] Intensity stained cells
SKOV-3 control cells - 0
0 30 - 0
0 300 - <5
800 30 - <5
800 300 + 20
1000 30 + 10
1000 300 ++ 40
OvBH-1 control cells - 0
0 30 + 10
0 300 ++ 20
800 30 +++ 97
800 300 +++ 100
1000 30 + 25
1000 300 + 30
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and 1000 V/cm with particularly one bleomycin concentration
(300 nM) the viability of both ovarian cancer cell lines were
decreased. Bleomycin is commonly used toxic agent in standard
chemotherapy, but its high cytotoxicity is restricted by poor dif-
fuse through plasma membrane [23, 24]. It has been shown in
vitro studies, that less than 0,1% of bleomycin was penetrated
into cells from extracellular medium [25]. The cytotoxicity of
bleomycin was enhanced in hamster lung fibroblast to 300-700
fold after electroporation [26]. In our previous investigation we
performed also the cytotoxic effect of 5-fluorouracil and cisplatin
on ovarian cancer OvBH-1 and SKOV-3. After standard chemo-
therapy the viability of ovarian cancer cells remained about
50-70% of control cells. It is worth noting that both cell lines
were resistant to cisplatin, which is commonly used in standard
chemotherapy of ovarian cancers. The significant therapeutic
effect in examined cell line was observed after electrochemo-
therapy with cisplatin and 5-fluorouracil [20]. Drug resistance
is a frequent problem in cancer therapy. In ovarian cancer cases
the resistance to cisplatin occurred very often. In opposite to
cisplatin, bleomycin is not transported by P-glycoprotein [27,
28]. The major mechanism of resistance to bleomycin in cancer
cells is connected with cytosolic enzyme - bleomycin hydrolase.
However, increase of bleomycin hydrolase has been found only
in some experiments [29, 30]. The correlation between cytotoxic
activity and the levels of bleomycin hydrolase in human ovarian
carcinoma was not found [29].

The small heat shock protein (sHSP) family take part in pro-
tein quality systems (PQC), which are responsible for reduce
of various environmental and cellular stress factors [31]. The
levels of HSP chaperons are increased in many cancers, which
is connected with poor prognosis of cancer [32, 33, 34, 35].
HSP27 is one of the small shock proteins. The high expression
of this protein in ovarian and breast cancer cell lines has been
associated with resistance to cisplatin and doxorubicin [36,
37]. We observed the increased expression in SKOV-3 to 40%
and OvBH-1 cells to 60% after ECR 1000 V/cm and 300 nM
concentration of bleomycin. It can be connected with activa-
tion of antiapoptotic response in examined cancer cells after
anticancer treatment. The increase expression of HSP27 can
indicate a damage in ovarian cells after electrochemotherapy
with bleomycin. This type of chaperones is up-regulated in
many cancers. That proteins play important roles in inhibition
of cell death pathways and also can modulate pro-survival
signaling and transcriptional networks. HSPs protect cells
from various therapeutic stress factors which induce apoptosis
[38]. HSP27 is greatly expressed in many cancers including
breast and ovarian [39, 40]. On the other hand it might cor-
relate with good prognosis in some tumors like endometrial
and others [41].

The results obtained in this work demonstrated that electric
field increased effectiveness of chemotherapy with bleomycin.
ECT with bleomycin is promising for both treated cell lines:
OvBH-1 and SKOV-3 and overcome the multidrug resistance
of cells. It allows also for reducing the dose of bleomycin and
side effects of applied therapy.
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