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Abstract. We studied malignant melanoma cell line 
Me45 and human ovarian carcinoma cell line SKOV-3 
(resistant to cisplatin, adriamycin and diphtheria 
toxin), assessing their expression level of p53, HSP70 
and glutathione S-transferase GST-π before and af-
ter chemotherapy with cisplatin. These proteins may 
be responsible for the occurrence of chemoresistance 
in cancer patients. To assess protein expression we 
used the immunocytochemical Avidin-Biotin-per-
oxidase Complex (ABC) method. Before application 
of chemotherapy, proteins p53, HSP70 and GST-π 
were present in 100 % of the examined melanoma 
cells. After the treatment, the intensity of the immu-
nocytochemical reaction for p53 increased, whereas 
the intensity of immunocytochemical staining for 
HSP70 and GST-π decreased. In SKOV-3 cells, p53 
and HSP70 were present in 100 % of the examined 
cells both prior to chemotherapy and after it. How-
ever, the intensity of the immunocytochemical reac-
tion for p53 decreased, while that of HSP70 in-
creased. As regards GST-π, only 5 % of all examined 
SKOV-3 cells revealed its expression before chemo-
therapy. Incubation with cisplatin caused an eleva-
tion in the number of ovarian cancer cells expressing 
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GST-π up to 50 %. Moreover, the intensity of the im-
munocytochemical reaction for GST-π significantly 
increased.

Introduction
Chemotherapy is one of the most common and effec-

tive treatments for cancer. The anticancer therapies are 
mainly based on induction of programmed cell death 
known	as	apoptosis	–	a	complex	process	in	which	many	
different pathways are engaged. Cytostatic drugs can in-
fluence	the	expression	and	activity	of	apoptosis-related	
proteins. This may cause induction of apoptosis (which 
is	 the	main	 goal	 of	 chemotherapy)	 or	 its	 suppression	
leading to drug resistance. 

Ovarian cancer and melanoma are among the most 
dangerous	 tumour	 types	of	and	difficult	 to	early	diag-
nose and treat. The recurrences occur in most ovarian 
cancer	patients	(55–75	%)	within	two	years.	In	addition,	
many	of	these	patients	die	because	of	a	low	efficiency	
of	second-	 and	 third-line	 chemotherapy	 (Miedzińska-
Maciejewska	and	Bodnar,	2004).	Malignant	melanoma,	
the most common cancer of the skin, is characterized by 
rapid formation of metastases (Gurtowska and Klos-
kowski,	 2009).	Among	 metastatic	 melanoma	 patients	
the overall 5-year survival is less than 10 % (Li et al., 
2000)	and	the	median	survival	of	these	patients	amounts	
to	only	6–10	months	(Mackiewicz	and	Kwinta,	2010).	
These two types of cancer are mainly treated with plati-
num-based	chemotherapy	(Czernek	et	al.,	2009).

The effectiveness of the cytostatic drugs may be af-
fected	 by	 many	 proteins	 including	 p53,	 GST-π	 and	
HSP70,	 engaged	 in	 the	 cellular	 defence	 mechanisms.	
Features	of	these	proteins	such	as	their	expression	level,	
conformation and changes caused by mutations in genes 
coding	for	them	influence	the	cell	response	to	medical	
treatment	and	the	way	in	which	the	cells	die:	apoptosis,	
necrosis or autophagy. 
p53	is	a	transcription	factor	and	functions	as	a	tumour	

suppressor protein by regulating the cell cycle. This pro-
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tein is activated in response to stress conditions such as 
hypoxia	or	DNA	damage.	Its	activation	leads	to	inhibi-
tion of the cell cycle progression, which allows repair of 
cellular injuries or, when the repair is not possible, di-
rects the cell into the apoptotic pathway (Sznarkowska 
et	al.,	2010).	The	functioning	of	p53	is	associated	with	
the activation of transcription of pro-apoptotic genes 
(including puma, bax, apaf1, noxa)	and	its	translocation	
to	the	mitochondria	(Stępień	et	al.,	2007).	The	transloca-
tion increases the mitochondrial membrane permeabili-
ty	and	causes	cytochrome	c	release.	p53	also	acts	as	an	
inhibitor of anti-apoptotic genes, among which bcl2, 
bclX, CCNB1, MAP4 and BIRC5 should be mentioned 
(Stępień	et	al.,	2007;	Sznarkowska	et	al.,	2010).	

Mutations of TP53,	gene	coding	for	p53,	are	among	
the most frequent causes of human cancer (Bai and Zhu, 
2004).	Detailed	analysis	of	p53	mutations	can	be	used	to	
diagnose, measure or predict progression of the disease 
(Hollstein	et	al.,	1994).	
GST-π	(EC	2.5.1.18)	is	widely	distributed	in	human	

organs:	lung,	bladder,	colon,	prostate,	testicles,	erythro-
cytes and lymphocytes. In pathological states such as 
carcinogenesis,	the	expression	level	of	GST-π	fluctuates	
in the affected tissues. Changes of its synthesis level 
may	also	reflect	the	cellular	response	to	cytostatic-based	
chemotherapy.	Thereby,	detailed	analysis	of	the	GST-π	
expression	pattern	in	different	types	of	cancer	may	be	a	
useful	tool	for	determination	of	specific	cell	resistance	
to chemotherapy and thus help in the selection of ap-
propriate	disease	treatment	(McIlwain	et	al.,	2006).

Among proteins involved in the cellular defence 
mechanisms implicated in cancer are also heat-shock 
proteins	 (HSPs).	HSPs	 are	mainly	 responsible	 for	 the	
protein	life	cycle,	which	comprises:	folding,	modifica-
tion, transport, denaturation, proteolysis, stress response 
and	refolding.	The	amount	and	type	of	HSPs	reflect	the	
cell	health.	For	example,	under	normal	conditions,	 the	
expression	 of	 HSP90	 is	 maintained	 at	 a	 high	 level,	
whereas	 the	 amount	 of	HSP70	 and	HSP27	 is	 low	but	
increases under the stress conditions. In cancer cells the 
level	of	these	two	proteins	significantly	increases,	prob-
ably in association with their role in the stimulation of 
carcinogenesis	(Kaźmierczuk	and	Kiliańska,	2010).

HSPs are involved in apoptosis. Their contribution to 
modulation of programmed cell death may be carried 
out	in	different	ways,	inter	alia:	genome	protection,	in-
hibition or activation of pro- and anti-apoptotic gene 
expression,	interaction	with	the	cytoskeleton,	induction	
of	an	immune	response	(Garrido	et	al.,	2006;	Musiał	and	
Zwolińska,	2010).	It	 is	considered	that	overexpression	
of different HSPs inhibits apoptosis, while their sup-
pression	makes	cells	susceptible	to	this	process	(Musiał	
and	Zwolińska,	2010).	HSP70	is	one	of	the	best	charac-
terized HSP and has anti-apoptotic function. In addition, 
it	was	shown	that	cells	with	HSP70	overexpression	have	
a tendency to drug resistance and metastasizing into 
lymph	nodes	(Garrido	et	al.,	2006).	Drug	resistance	is	
one of the most important reasons for low effectiveness 
of	chemotherapy.	It	can	be	classified	into	categories	of	

primary and secondary drug resistance.	The	first	one	re-
fers	to	resistance	that	exists	at	the	time	of	diagnosis.	The	
second one develops in patients already receiving treat-
ment	 (Miedzińska-Maciejewska	 and	 Bodnar,	 2004).	
Solving the problem of drug resistance is one of the 
most important goals of modern oncology. 
Numerous	studies	 indicated	that	modification	of	 the	

amount	of	p53,	GST-π	and	HSP70	in	the	cell	may	play	a	
role in improving the effectiveness of cancer treatment 
(Saenz-Santamaria	et	al.,	1995;	Iersel,	1996).	

The main purpose of our work was to evaluate the 
expression	 levels	 of	 three	 cancer-implicated	 proteins,	
p53,	GST-π	and	HSP70,	in	human	malignant	melanoma	
(Me45)	and	cisplatin-resistant	human	ovarian	carcino-
ma	 (SKOV-3)	 cell	 lines	 under	 normal	 conditions	 and	
after cisplatin treatment. We also focused on determina-
tion of the involvement of these proteins in the drug re-
sistance phenomenon. 

Material and Methods

Cell culture 

The	studies	were	performed	using	 the	SKOV-3	 line	
– human ovarian carcinoma cells resistant to diphtheria 
toxin, cisplatin and adriamycin (ATCC, Lomianki, Po-
land)	and	Me45	line	–	human	malignant	melanoma	cells	
derived from the metastatic lymph node (kindly sup-
plied by Maria Sklodowska-Curie Memorial Cancer 
Center	and	Institute	of	Oncology	Gliwice	Branch).
Cells	were	grown	in	polystyrene	flasks	with	25	cm2 

cell culture surface (Falcon, Becton, Dickinson and Co., 
Franklin	Lakes,	NJ)	as	a	monolayer	in	Dulbecco’s	mo	di-
fied	Eagle’s	medium	(DMEM,	Sigma-Aldrich,	St.	Louis,	
MO)	containing	2	mM	L-glutamine,	10	%	foetal	bovine	
serum	(FBS,	Sigma-Aldrich)	and	50	μg/ml	streptomy-
cin	 (Sigma-Aldrich)	 at	 37	 °C	 in	5%	CO2.	For	 the	 ex-
periments the cells were removed by trypsinization 
(trypsin	0.25%	and	EDTA	0.02%;	Sigma-Aldrich)	and	
washed with PBS.

Immunocytochemistry
Cells were grown in	8-well	plates	(Diagnostic	Micro-

scope	 Slides,	 Erie,	 Thermo	 Scientific’s	 ColorFrost™, 
Portsmouth,	NH).	For	evaluation	of	protein	expression	
(GST-π,	HSP70	and	p53),	the	Avidin-Biotin-peroxidase	
Complex (ABC)	 technique	was	 used	 according	 to	 the	
enclosed	 kit	 protocol	 (Universal	 LSAB™+	 Kit/HRP,	
Rabbit/Mouse/Goat,	Dako	North	America	Inc.,	Car	pin-
teria,	CA).	The	following	primary	antibodies	were	used:	
monoclonal	anti-p53	antibody	(1 : 100,	p53(DO-1)sc-126,	
Santa	 Cruz	 Biotechnology,	 Dallas,	 TX),	 monoclonal	
anti-HSP70	 antibody	 (1 : 100,	 HSP70(3A3)sc-32239,	
Santa	Cruz	Biotechnology)	and	polyclonal	anti-GST-π	
antibody	(1 : 100,	GST(Z-5):sc-459,	Santa	Cruz	Bio	tech-
nology).	For	 imaging,	an	Olympus	BX51	 light	micro-
scope	was	used	(Olympus,	Tokyo,	Japan).	Quantification	
of	 the	 p53-,	GST-π-	 or	HSP70-positive	 cells	was	 per-
formed by taking digital overview images of three ran-
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domly	 selected	 areas	 at	 a	 low	 power	 magnification	
(10×).	In	each	of	these	images	cells	were	manually	cal-
culated	(100	cells	per	area).	The	p53-,	GST-π-	or	HSP70-	
positive	cells	were	expressed	as	percentage	of	all	count-
ed cells.

Results

p53 expression level

The	expression	of	p53	was	observed	in	82	%	of	exam-
ined	Me45	 cells.	The	 cisplatin	 treatment	 induced	 p53	
expression	in	all	cells	(Fig.	1,	Table	1).	The	intensity	of	
immunocytochemical reaction before cisplatin therapy 
was determined as low and medium, whereas after addi-
tion of cisplatin it shifted toward high and was accom-
panied by changes in the cell morphology.

The	presence	of	p53	was	confirmed	in	all	examined	
SKOV-3	cell	before	cisplatin	treatment	(Fig.	1,	Table	1).	
The intensity of immunocytochemical reaction was 
mainly high or, in some cells, medium. The cisplatin ap-
plication caused reduction in the intensity of immuno-
cytochemical reaction and did not lead to any morpho-
logical abnormalities in these cells.

GST-π expression level
The	Me45	cells	are	characterized	by	high	expression	

of	GST-π.	This	was	reflected	in	our	experiment	in	which	
the intensity of immunocytochemical reaction was high 
in	all	examined	Me45	cells.	Cisplatin	treatment	of	these	
cells caused reduction in the intensity of immunocyto-
chemical	reaction	and	was	determined	as	medium	(Fig.	2,	
Table	2).	Chemotherapy	of	Me45	cells	did	not	cause	any	
morphological changes. 

Table 1. The level of p53 in cell lines SKOV-3 and Me45 before and after chemotherapy with cisplatin. The intensity of the 
immunocytochemical reactions: – no staining, + low, ++ medium, +++ high.

Me45 SKOV-3
10 µM cisplatin Control cells 10 µM cisplatin Control cells

Intensity of immunocytochemical staining +/– +/– + +/–
% of positively stained cells 100 % 100 % 100 % 100 %
Localization of immunocytochemical reaction cytoplasm cytoplasm cytoplasm cytoplasm

Fig. 1.	Immunocytochemical	evaluation	of	p53.	The	pro-
tein was detected using the immunocytochemical ABC 
method. AI.	 Me45	 cells	 before	 cisplatin	 treatment,	 BI. 
SKOV-3	 cells	 before	 cisplatin	 treatment,	AII. cisplatin-
treated	Me45	cells,	BII.	cisplatin-treated	SKOV-3	cells.	

Table 2. The level of GST-π in cell lines SKOV-3 and Me45 before and after chemotherapy with cisplatin. The intensity of 
the immunocytochemical reactions: – no staining, + low, ++ medium, +++ high.

Me45 SKOV-3
10 µM cisplatin Control cells 10 µM cisplatin Control cells

Intensity of immunocytochemical staining ++ +++ +/++ +/–
% of positively stained cells 100 % 100 % 50 % < 5%
Localization of immunocytochemical reaction cytoplasm cytoplasm, 

nuclear envelope, 
cell membrane

cytoplasm cytoplasm

Fig. 2.	 Immunocytochemical	 evaluation	 of	 GST-π.	 The	
protein was detected using the immunocytochemical ABC 
method. AI.	 Me45	 cells	 before	 cisplatin	 treatment,	 BI. 
SKOV-3	 cells	 before	 cisplatin	 treatment,	AII. cisplatin-
treated	Me45	cells,	BII.	cisplatin-treated	SKOV-3	cells.
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Before	 addition	 of	 cisplatin,	GST-π	 expression	was	
observed	in	less	than	5	%	of	the	examined	SKOV-3	cells.	
The	intensity	of	the	reaction	was	low	(Fig.	2,	Table	2).	
Cisplatin	treatment	caused	an	increase	in	GST-π	expres-
sion,	 which	 was	 detected	 in	 50	 %	 of	 the	 examined	
SKOV-3	 cells.	 The	 intensity	 of	 immunocytochemical	
reaction was determined as low or medium. After che-
motherapy,	SKOV-3	cells	did	not	show	any	morpholog-
ical abnormalities. 

HSP70 expression level
The	expression	of	HSP70	was	confirmed	in	all	exam-

ined	Me45	cells.	The	intensity	of	immunocytochemical	
reaction was high. Cisplatin treatment did not abolish 
HSP70	expression	in	the	tested	cells;	however,	 the	in-
tensity of immunocytochemical reaction decreased and 
was	 determined	 as	 low	 or	 medium	 (Fig.	 3,	 Table	 3).	
Chemotherapy did not lead to morphological changes in 
Me45	cells.	
In	untreated	SKOV-3	cells,	expression	of	HSP70	oc-

curred	in	less	than	5	%	of	all	examined	cells.	The	addi-
tion	of	 cisplatin	 resulted	 in	 an	 increase	 of	HSP70	 ex-
pression,	which	was	 present	 in	 all	 examined	SKOV-3	
cells. The intensity of immunocytochemical reaction 
was	determined	as	medium	or	high	(Fig.	3,	Table	3).	No	
morphological abnormalities were detected in these 
cells as well. 

Discussion

In	our	study	we	observed	changes	in	the	expression	
level	and	distribution	of	p53	accompanied	by	abnormal-
ities in cell morphology after cisplatin-based chemo-
therapy	of	Me45	cells.	In	comparison	to	the	initial	p53	
level	(which	we	determined	as	medium),	the	treatment	
caused	an	increase	of	its	synthesis	(in	82	%	of	examined	
cells).	The	distribution	of	p53	shifted	from	close	to	the	
nucleus	to	cytoplasmic	(Fig.	1,	Table	1).	The	observed	
changes	 in	 the	 expression	 level	 of	 p53	 in	Me45	 cells	
from	medium	to	high	suggest	that	there	is	no	p53	over-
expression.	 Moreover,	 cell	 disruption	 after	 cisplatin	
treatment	 may	 indicate	 proper	 activation	 of	 p53-de-
pendent apoptosis.

Malignant melanoma belongs to chemotherapy-re-
sistant	cancer	in	which	apoptosis	is	induced	with	diffi-
culties	 (Pawlicki	 and	 Ziobro,	 2001;	 Gurtowska	 and	
Kloskowski,	 2009;	 Mackiewicz	 and	 Kwinta,	 2010;	
Skórzewska	 et	 al.,	 2011).	 In	 the	 therapy	 of	malignant	
melanoma, dacarbazine is the most frequently used drug 
with	 the	response	rate	about	20	%	(Skórzewska	et	al.,	
2011).	The	platinum-based	therapy	is	mostly	used	as	ad-
ditional treatment or as second-line chemotherapy. 
Unfortunately, the effectiveness of these drugs is still 
unsatisfactory	(Gurtowska	and	Kloskowski,	2009).
Degradation	of	cells	that	was	observed	in	our	experi-

ments may suggest that cisplatin is an effective drug in 
melanoma	therapy.	Noteworthy,	overexpression	of	p53	
resulting from mutation of TP53 occurs relatively rarely 
in	 melanoma	 patients	 (only	 0–30	 %)	 (Pawlicki	 and	
Ziobro,	2001;	Faran	et	al.,	2004).	Moreover,	excessively	
accumulated	p53	is	a	wild	form	with	disrupted	function	
(Kichina	et	al.,	2003).	The	accumulation	of	p53	in	mela-
noma	 cells	 derives,	 inter	 alia,	 from	 overexpression	 of	
other genes such as CDNK2 coding for a protein that 
inhibits	MDM2-dependent	p53	degradation.	Functional	
abnormalities	 of	 wild-type	 p53	 are	 probably	 a	 conse-
quence	of	its	excessive	phosphorylation,	overexpression	
of proteins suppressing transcription of genes associated 
with	p53	activity,	mutation	of	p53	target	genes,	or	loss	
of	 adapter	 proteins	 (Avery-Kiejda	 et	 al.,	 2011).	 This	
may lead to abnormal cell proliferation and an improper 
response to apoptosis-inducing treatment (Avery-Kiejda 
et	al.,	2011).	
We	also	confirmed	overexpression	of	p35	in	the	cis-

platin-resistant	SKOV-3	ovarian	cancer	cell	line	(Fig.	1,	
Table	1).	The	accumulation	of	p53	before	cisplatin	treat-

Table 3. The level of HSP70 in cell lines SKOV-3 and Me45 before and after chemotherapy with cisplatin. The intensity 
of the immunocytochemical reactions: – no staining, + low, ++ medium, +++ high.

Me45 SKOV-3
10 µM cisplatin Control cells 10 µM cisplatin Control cells

Intensity of immunocytochemical staining +/++ +++ +++ +/–
% of positively stained cells 100 % 100 % 100 % 100 %
Localization of immunocytochemical reaction cytoplasm, 

cell membrane
cytoplasm cytoplasm cytoplasm

Fig. 3.	 Immunocytochemical	 evaluation	 of	 HSP70.	 The	
protein was detected using the immunocytochemical ABC 
method. AI.	 Me45	 cells	 before	 cisplatin	 treatment,	 BI. 
SKOV-3	 cells	 before	 cisplatin	 treatment,	AII. cisplatin-
treated	Me45	cells,	BII.	cisplatin-treated	SKOV-3	cells.
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ment may suggest the presence of mutation in the TP53 
gene. This is very plausible since mutations in the gene 
encoding	p53	are	common	in	ovarian	cancers	(Milner	et	
al.,	 1993).	Using	 the	 single-strand	conformation	poly-
morphism	(SSCP)	technique,	Milner	et	al.	(1993)	con-
firmed	TP53	mutation	in	44	%	of	ovarian	cancer	patients	
examined.	Mutation	in	TP53 may be a primary phenom-
enon associated with ovarian tumorigenesis, or a sec-
ondary event occurring during chemotherapy (Mied-
zińska-Maciejewska	 and	 Bodnar,	 2004).	 This	 may	 be	
the cause of the drug resistance development. However, 
according	 to	 Siddik	 (2003),	 the	 resistance	 to	 cisplatin	
occurs regardless of the TP53	status.	Siddik	(2003)	indi-
cated	many	examples	of	cells	with	the	mutant	forms	of	
p53	that	were	more	sensitive	to	cisplatin	than	those	with	
the	wild-type	form	of	p53.	This	may	also	be	connected	
with	 the	 functioning	 of	 p53	 partner	 proteins	 and	 the	
presence	of	other	p53-independent	pathways	of	apopto-
sis	induction.	It	is	worthy	of	note	that	p35	overexpres-
sion usually indicates a reduced survival, but it is not 
always directly related to the chemotherapy response 
(Shiga	et	al.,	1999).
In	 the	 case	of	malignant	melanoma	 (Me45	 line),	 in	

our	study	we	confirmed	a	high	level	of	GST-π	expres-
sion	(Fig.	2,	Table	2).	This	is	in	perfect	agreement	with	
the results obtained by other researchers who also found 
a	high	level	of	 the	GST-π	isoform	(compared	to	 the	µ	
isoform	 and	 sporadically	 occurring	 α	 isoform)	 (Scha-
dendorf	et	al.,	1995;	Moral	et	al.,	1997).	It	is	worthy	of	
note, however, that in comparison to other carcinoma 
cell	lines,	such	as	H358	(human	bronchoalveolar	carci-
noma	 cells),	A459	 (lung	 cancer	 cells),	 Hct116	 (colon	
cancer	 cells),	 FN-H296	 (adrenal	 carcinoma	 cells)	 and	
MCF10A	 (mammary	 carcinoma	 cells),	 the	 level	 of	
GST-π	expression	in	the	Me45	line	is	low	and	compared	
to	 GST-π	 expression	 in	 mammary	 carcinoma	 cells	 it	
amounts	to	only	0.299	(Slonchak	et	al.,	2011).	Moreover,	
Schadendorf	et	al.	(1995)	observed	that	the	increase	in	
the	GST-π	expression	level	was	accompanied	by	a	broad	
spectrum of changes from mild skin lesion to metastatic 
malignant melanoma. 
In	a	study	of	three	melanoma	cell	lines	(GLL19,	Me8,	

JUNO),	Benathan	et	al.	(1992)	demonstrated	that	well-
differentiated cancer cells (in comparison to poorly 
differentiated	 melanoma)	 are	 characterized	 by	 higher	
levels	 of	GST-π	 activity	 and	DOPA	oxidase,	 and	 a	
higher	content	of	GSH.	The	lowest	efficacy	of	chemo-
therapy	was	observed	in	the	poorly	differentiated	Me8	
cell line. This may be caused by the competition for 
GSH	between	the	chemotherapeutic	agent	(melphalan)	
and melanin synthesis intermediates – the lower the pro-
duction of melanin, the greater the amount of GSH that 
can conjugate to cytostatic drugs. Moreover, although 
Schadendorf	 et	 al.	 (1995)	 indicated	 that	metabolic	 al-
terations	in	the	GSH	level	do	not	play	a	significant	role	
in	melanoma	chemoresistance,	they	cannot	be	excluded.	
Generally,	a	high	level	of	GST-π	is	considered	as	an	in-
dicator of cytostatic drug resistance in cancers treated 

with	 cisplatin,	 doxorubicin	 and	 alkylating	 compounds	
(Kulbacka	et	al.,	2008).	
Our	 results	 indicated	 cisplatin	 resistance	 in	 Me45	

cells	in	which	the	GST-π	level	after	therapy	was	not	re-
duced and no morphological abnormalities of cells were 
observed	(Fig.	2,	Table	2).	We	assume	that	in	this	case	
the occurrence of the drug resistance may be associated 
with the MRP protein. The MRP protein acts as a pump 
in	the	extracellular	transport	of	drugs	and	reduces	their	
content in the cell. A similar function is performed by 
P-glycoprotein, which however was not demonstrated 
to participate in the occurrence of drug resistance in 
melanoma. Chemoresistance may also be connected 
with qualitative and quantitative changes of topoisomer-
ase II, protein that is involved in mitosis. It has been 
shown that the decrease of MMR, involved in the repair 
of mismatch damage, is also responsible for the ineffec-
tiveness	of	chemotherapy	(Helmbach	et	al.,	2001).

In contrast to other reports, in our study ovarian can-
cer	cells	(SKOV-3)	did	not	show	overexpressed	GST-π	
(Fig.	2,	Table	2)	(Murphy	et	al.,	1992;	van	der	Zee	et	al.,	
1992;	 Green	 et	 al.,	 1993;	 van	 der	 Zee	 et	 al.,	 1995;	
Wrigley	et	al.,	1996;	Lu	et	al.,	2011).	Silvestrini	et	al.	
(1998)	observed	a	 small	proportion	of	GST-π-positive	
patients	at	 the	 level	of	25	%,	of	whom	only	20	%	re-
vealed the presence of the enzyme in their cells. More-
over,	 Kolwijck	 et	 al.	 (2009)	 observed	 GST-π	 overex-
pression	 in	 the	 fluid	 from	 ovarian	 cysts	 (oCF).	 The	
detected	 GST-π	 isoform	 was	 predominantly	 cytoplas-
mic and the presence of the enzyme in the nucleus was 
believed to be a result of its diffusion (van der Zee et al., 
1995;	Wrigley	et	al.,	1996).
Our	findings	suggest	the	occurrence	of	the	drug	resis-

tance	in	ovarian	cancer	cells	because	of	GST-π	overex-
pression	after	the	therapy	(Fig.	2,	Table	2).	van	der	Zee	
et	al.	(1992,	1995)	noticed	that	the	GST-π	level	did	not	
affect	the	efficacy	of	platinum-based	treatment	and	che-
moresistance.	Also,	Murphy	et	al.	 (1992)	did	not	 sup-
port	the	hypothesis	in	which	the	reduction	of	the	GST-π	
level or activity would help increase the chemotherapy 
effectiveness. In spite of these reports, the involvement 
of	a	high	level	of	GST-π	in	the	development	of	chemo-
resistance	has	been	postulated	(Green	et	al.,	1993;	Lu	et	
al.,	2011).	

Some researchers observed a correlation between the 
high	level	of	GST-π	and	poor	prognosis	in	ovarian	can-
cer	(Green	et	al.,	1993;	Kolwijck	et	al.,	2009;	Lu	et	al.,	
2011)	as	well	as	in	other	cancers	treated	with	cisplatin-
containing	cytostatic	drugs	(CCDP/5-FU,	CCDP/pacli-
taxel)	(Shiga	et	al.,	1999).	The	increase	of	cisplatin	re-
sistance in ovarian cancer is associated with the 
intracellular GSH level, which is engaged in the DNA 
repair mechanism, protein protection, but also partici-
pates	 in	 the	 drug	 metabolism	 (including	 cytostatics)	
(Godwin	et	al.,	1992).	In	spite	of	the	diverse	GST-π	ex-
pression level and activity, the metabolism of GSH as-
sociated	with	the	activity	of	the	examined	protein	should	
be taken into consideration in cancer therapy. 

SKOV-3	and	Me45	Cell	Response	to	Chemotherapy
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In	our	study	we	observed	accumulation	of	HSP70	in	
the	Me45	 cell	 line	 (Fig.	 3,	Table	 3).	HSP70	 plays	 an	
anti-apoptotic and cell-protecting role also toward can-
cer	cells,	which	due	to	excessive	proliferation	and	abrupt	
differentiation are prone to metastasis (mainly in the 
lymph	nodes).	We	observed	that	the	application	of	cis-
platin	led	to	a	significant	decrease	of	immunocytochemi-
cal	reaction	of	HSP70	in	comparison	to	its	initial	level	
(Fig.	3,	Table	3).	This	suggests	activation	of	cancer	sup-
pression	factors	(p53,	Apaf1)	and	directing	of	cells	to-
ward	apoptosis	(mitochondrial/lysosomal),	and	thereby	
implies	effectiveness	of	 the	applied	 treatment	 (Kaź-
mierc	zuk	and	Kiliańska,	2010).

In our study cisplatin treatment did not reduce the 
high	level	of	HSP70	expression	in	SKOV-3	cells	(Fig.	3,	
Table	3).	Similar	observations	were	made	by	other	re-
searchers	(Gong	et	al.,	2010;	Sirotkin	and	Bauer,	2011),	
who suggested application of this protein in a novel an-
ticancer	approach.	This	strategy	assumes	use	of	specific	
anti-HSP70	vaccines	directed	against	the	plasma	mem-
brane	fraction	of	HSP70.	The	vaccines	should	induce	an	
intensive immune response against transformed cells 
overexpressing	HSP70	to	eradicate	cancer	(Gong	et	al.,	
2010).	Gong	et	al.	(2010)	investigated	HSP-based	vac-
cines	(HSP70,	HSP90,	or	GP96.PC)	containing	antigens	
derived from tumour and dendritic cells which activate 
the proper response of lymphocytes T. The vaccine is 
created individually for each case, and its effectiveness 
decreases with the progression of the disease. 

Another alternative treatment of cisplatin-resistant tu-
mours encompasses the use of farnesyl transferase in-
hibitors	(FTIs)	and	manumycin,	which	inter	alia	block	
one	of	 the	crucial	 stages	of	p21/ras oncogenic activa-
tion.	Hu	et	al.	(2002)	successfully	applied	these	inhibi-
tors	in	his	study	of	HSP70-overexpressing	ovarian	can-
cer	cell	line	(OVCAR3).	FTIs	are	used	in	the	treatment	
of human cancer with RAS mutation.
Hendrickson	et	al.	(2012)	indicated	that	the	resistance	

of cancer cells (epithelial ovarian cancer cells and pri-
mary	peritoneal	cancer	cells)	to	platinum	derivatives	is	
associated	with	factors	such	as	Her2,	Akt,	IGFR,	InsR,	
c-Raf and Chk1, which are client proteins for both 
HSP70	 and	HSP90.	An	 excessive	 amount	 of	HSPs	 in	
cancer cells indicates resistance to cisplatin in this type 
of tumours, which is in perfect agreement with the re-
sults of our research and shows the need to seek alterna-
tive	methods	of	treatment.	This	again	confirms	that	the	
excessive	amount	of	HSPs	in	tumour	cells	may	be	a	use-
ful marker. 

Conclusions
Cancer	cells	are	characterized	by	excessive	prolifera-

tion that is not accompanied by differentiation. Their 
abnormal metabolism may be a consequence of the loss 
of cell cycle control associated with mutation in genes 
coding	for	control	proteins	and/or	inability	to	modulate	
cell death processes such as apoptosis, necrosis and au-
tophagy.	 Three	 proteins	 examined	 in	 our	 study,	 p53,	
GST-π	 and	 HSP70,	 belong	 to	 factors	 controlling	 the	

mentioned processes. The impact of cytostatic drugs on 
the processes responsible for malfunctioning of control 
proteins should be further studied. Broad knowledge 
about the cytostatic drug properties and action will al-
low us to elaborate effective and safe cancer therapies, 
as well as modulate metastasis and multidrug resistance.
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