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Indices of oxidative stress are recognized molecular markers and prognostic criteria for malignant
transformation of tissue, but their value depends on the type of tumor and the stage of its development. The
goal of this study was to clarify the relationship between the characteristics of the oxidative stress system
including metal-associated ones and the cytotoxicity manifestations in neoplastically transformed human
ovarian tissue. The highest level of Mn-superoxide dismutase activity (by 630%) and metallothionein protein
(MT, 100%) has been estimated for the first time in malignant ovarian tissue compared to normal ovarian
tissue. The researchers have also found a much higher level of oxy-radical formation (by 332%), a lower ac-
tivity of catalase (by 49%) and a lower level of reduced glutathione (by 46%) and its redox index (0.84 versus
0.89 in the control) in tumor tissue. Under the relatively stable content of zinc, copper and cadmium in MTSs,
the content of zinc and especially copper in a form non-binding with MTs was significantly lower in the ma-
lignant tissue compared to normal one while the content of cadmium was higher. A discriminant analysis of
all definable parameters revealed that the higher content of the products of oxidative destruction of proteins,
lipids, fragmented DNA and the activity of cathepsin D, especially in its free form (by 235%), are the main
characteristic signs of malignant ovarian tissue.
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varian cancer dominates among the death
O causes of malignant tumors. In particular,
according to the International Agency for
Cancer Research, more than 165 thousand of newly
diagnosed cases of ovarian cancer are registered
each year over the world. This disease is the cause of
death for more than 100 thousand women [1]. Cur-
rently there are no screening programs for precan-
cerous and malignant ovarian pathology diagnostic,
with the help of which specialists could have reduced
the incidence and fatalities of this disease [2]. There-
fore, the search and development of pathogenetically
grounded methods of early diagnosis and treatment
of ovarian pathology are the urgent issues of modern
medical biochemistry, gynecology and oncology.
Ovarian cancer has an especially high ability to
metastasize, which defines the clinical course of this
disease [3, 4]. The main determinants of the inva-
siveness and metastatic potential of malignant cells
include proteolytic enzymes involved in degradation
of the membranes and extracellular matrix. Among
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this group of enzymes, an estrogen induced lysoso-
mal aspartyl protease cathepsin D deserves special
attention. It plays a central role in the catabolism of
proteins, destruction of tissue architecture and indi-
rect tumor progression via growth factors and p53
protein expression [4]. Cathepsin D is expressed and
activated in cell lines of human breast and ovarian
cancer, moreover, a high content of this enzyme is
a recognized marker of an adverse prognosis [3,4].
Cathepsin D release from lysosomes may result from
the oxidative destruction of membranes, but the re-
lationships between these phenomena are not estab-
lished [4, 5].

It is reported that in the pathological conditions
in a cell, including malignant tumors resulted from a
number of endogenous factors, such as mitochondri-
al dysfunction of malignant cells, the concentration
of reactive oxygen species may significantly increase
[6]. These species modulate the proliferative activity
of cells, cause destructive changes in the biological
membranes, cellular compartments etc. For example,
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HCC1937 cell line of human breast cancer contains
a high level of hydrogen peroxide, which promotes
the survival and resistance of cancer cells and in-
hibits their removal by apoptosis [7]. Similar results
were obtained for other cancers as well [8], while the
information on the molecular mechanisms of pro-ox-
idative changes in ovarian cancer is limited. A sig-
nificant contribution to the development of oxidative
stress may be caused by imbalance of the content of
transition metals that are capable of generating radi-
cals in the Fenton reaction and/or influencing the re-
dox state of the cell by binding to cellular thiols [9].
Therefore, the goal of our study was to determine a
functional state of the antioxidant defense system as
well as the stress-sensitive and metal-binding thiols
in conjunction with the cytotoxicity manifestations
in malignant ovarian tissue samples and in ovarian
tissue samples of people not affected by the relevant
gynecologic pathology.

Materials and Methods

For this research we used the intraoperative
samples taken from the tumor core (10x10 mm) of
15 newly diagnosed patients of reproductive age who
had been operated for epithelial ovarian cancer at the
Gynecological Department of the Ternopil Regional
Oncological Dispensary. Cancer pathology was veri-
fied histologically. According to FIGO classification,
all diagnosed patients had stage III disease. None of
the operated oncologic female patients had been pre-
viously treated with platinum-based drugs (cispla-
tin/carboplatin/cycloplatam) or cyclophosphamide.
Ovarian tissues of 15 females who died in the age of
22 to 35 years and were not affected by the relevant
pathology during the sectional study, were taken as
controls. The period from death to collection of sam-
ples was not more than six hours. All experimental
studies were conducted in accordance with the rules
of the National Congress on Bioethics (Kyiv, 2000)
and the decision of the Commission on Bioethics of
the Ternopil State Medical University (N 3, 2013).

All the procedures on tissues were carried out
at 4 °C. All the reagents, except those specified be-
low, were produced by “Synbias”, “chemically pure”
grade.

To determine the parameters of the antioxidant
defense system state, Ovarian tissue samples were
homogenized (1:10 w:v) in 0.1 M pH 7.4 phosphate
buffer containing 100 mM KCI, 1 mM EDTA and
0.1 mM PMSF to inhibit proteolysis. Homogeniza-
tion was carried out at 4 °C using 12—15 strokes of
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a motor driven Teflon Potter-Elvehjem homogenizer.
To determine the content of oxyradicals, we pre-
pared 10% tissue homogenate in HEPES-sucrose
buffer, pH 7.4. The determination was conducted in
the soluble fraction of homogenate, which had been
received to determine superoxide dismutase (SOD)
and catalase (CAT) as a result of centrifugation of
homogenate within 10 min at 6000 g (S6), to deter-
mine the level of oxygen radicals — as a result of its
centrifugation within 45 min at 12 000 g (S12) and
to determine the concentration of metallothioneins —
within 45 min at 16 000 g (S16).

Superoxide dismutase activity (SOD) (EC
1.15.1.1) was measured by a decrease in the rate of
the reduction of Nitrotetrazolium blue in the pres-
ence of phenazine methosulfate and NADH [10]. To
determine the activity of Mn-SOD, S6 fraction was
previously kept at 0°C in the presence of 5 mM KCN
for 60 min, which caused a total suppression of Cu,
Zn-SOD activity with the following determination of
activity by the method [11]. The activity of Cu, Zn-
SOD was calculated by the difference in the activi-
ties of total SOD and Mn-SOD. Enzymatic activity
was expressed in conventional units (CU). An en-
zyme’s activity, which was able to cause a decrease
in optical density in the process of the reduction of
Nitrotetrazolium blue in 50% test sample per 1 mg
of protein from the homogenate in soluble form, was
taken as 1 CU.

Catalase activity (EC 1.11.1.6) was measured
in S6 fraction by Aebi method [12], which is based
on the decomposition of hydrogen peroxide with the
catalase derived from the sample. The test mixture
contained 50 mg of protein in 50 mM K-phosphate
buffer, pH 7.0 in the presence of 15 mM of H,O, in
the total volume of 3.0 ml. The reaction was initiated
by adding the appropriate volume of S6 fraction, and
then the absorbance at 240 nm within a 60-second
interval was measured. Enzymatic activity was cal-
culated by the millimolar coefficient of the hydro-
gen peroxide’s light absorbance (¢ = -0.04 mM'-cm™)
and expressed in pmol/(mg of homogenate soluble
protein'min.).

The content of total glutathione was determined
in the homogenate tissue after complete reduction of
glutathione through the use of glutathione reductase
(Sigma, USA) and with the help of Ellman’s reagent
[13]. The level of 5-trinitrobenzoic acid was moni-
tored with a spectrophotometer at 412 nm. To de-
termine the content of oxidized glutathione (GSSG),
2-vinylpyridine was added to the incubation mixture
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to a final concentration of 2% [14] 60 min before
the determination, and the content of reduced glu-
tathione (GSH) was calculated as the difference of
concentrations between total glutathione and its oxi-
dized forms. Redox index (RI) GSH was calculated
as the ratio ((GSH] - [GSSG])/[GSH].

The determination of protein carbonyls (PC)
was conducted due to their ability to form 2,4-di-
nitrophenylhydrazones under the homogenate incu-
bation of ovarian tissue samples in the presence of
0.1 M 2 4-dinitrophenylhydrazine in HCI, 2 M. The
light absorbance was registered at 370 nm against
the control, and the content of phenylhydrazone was
calculated using a molar extinction coefficient of
2.1-10* M-cm™ [15]. Lipid peroxidation was charac-
terized by the products of interaction between depro-
teinized homogenate supernatant after precipitation
of proteins with trichloroacetic acid (with final con-
centration of 5%) from ovarian tissue samples and
2-thiobarbituric acid (TBA). The formation of TBA-
reactive substance (TBARS) was calculated by the
intensity of the absorption of a pink-colored complex
at 532 nm by the molar extinction coefficient of the
complex equal to € = 1.56:10° M-cm [16].

The content of oxygen radicals in S12 fraction
of the ovarian tissue was evaluated using the non-
fluorescent derivative, dihydrorhodamine, which is
converted to the fluorescent dye, rhodamine-123,
after a reaction with reactive oxygen species. The
fluorescence signal was detected by using a f-max
fluorescence plate-reader [excitation = 485 nm, emis-
sion = 538 nm] immediately and after 20 min and
used to determine the rate of ROS formation [17] and
expressed in relative fluorescence units (RFU) per
1 mg of protein.

The content of metallothioneins (MT) in S16
fraction of ovarian tissue was evaluated by the con-
tent of thiol groups (MT-SH) by the method of Via-
rengo et al. [18] with 5,5"-dithio-bis-2-nitrobenzoic
acid (DTNB, Sigma, USA) after the chloroform-eth-
anol extraction of MT, and calculated assuming that
1 mol of MT contains the same amount of SH-groups
as 20 moles of GSH [18]. The content of metals in the
fraction of MT was determined after gel-permission
chromatography on Sephadex G-50 [19]. MT content
by its content of metals (MT-Me) was calculated by
the modified Hamilton equation taking in account
the stoichiometric nature of these metals’ binding:
m (metallothioneins) = 0.5 (v(Zn, Cd)-M (MT)/7 +
v(Cu)-M(MT)/12) (ug), where v — the quantity of
metal in MT, pmol/g of tissue; M (MT) — MT molar
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mass (7000 g/mol), 7 and 12 — the number of the
according ions that bind to a molecule of MT under
complete saturation [20].

DNA damage was determined by the content
of the fragmented deproteinized DNA in the total
DNA by the method of alkaline precipitation of 10%
tissue homogenate in 50 mM Tris-EDTA buffer,
pH 8.0, containing 0.5% sodium dodecyl sulfate
(Sigma, USA). The supernatant contains damaged
DNA molecules when the pellet contains protein and
a whole DNA. DNA content in the supernatant and
in the pellet was determined by the Hoescht dye in
the presence of 0.4 M NaCl, 4 mM of sodium cho-
late and 0.1 M Tris (pH 9.0) at the excitation wave
(ex.) = 360 nm and emission (em.) = 450 nm [21].
The content of fragmented DNA was expressed as a
percentage to the total DNA in the sample.

The enzymatic activity of cathepsin D
(EC 3.4.23.5) was determined spectrophotometri-
cally by the formation of acid-soluble products of
hemoglobin enzymatic hydrolysis [22]. The reaction
mixture contained 50% tissue homogenate in 0.25 M
of sucrose solution and, as a substrate, 1% solution
of bovine hemoglobin (Sigma, USA) in 0.1 M ac-
etate buffer (pH 5.0). The enzymatic reaction was
stopped by adding 10% solution of trichloracetic
acid up to a final concentration of 2%. To determine
the total activity of cathepsin D, the ovarian tissue
homogenate sample was previously treated with 1%
solution of Triton X-100 (Sigma, USA) for 10 min at
37 °C. The control sample was incubated at 4 °C for
30 min before adding 10% trichloracetic acid solu-
tion. The activity of cathepsin D was calculated by
the difference in the optical density of experimental
and control samples at 280 nm wave length and ex-
pressed as nmol of tyrosine/(minxg of tissue).

To determine the content of copper and zinc in
the ovarian tissue and MT, the tissue samples and
MT were digested in 65% pure nitric acid in a ratio
of 1:5 (weight:volume) and determined using atomic
absorption spectrophotometer C115 (Lomo, Russia).
The content of cadmium was analyzed by atomic ab-
sorption spectrophotometer C-600 and expressed in
pg, or pmol to nmol per 1 g of the wet tissue [19].

The results of the measurements are presen-
ted as means + standard deviation (M + SD) for 15
samples of the malignant and control ovarian tissue.
If the data was not normally distributed according
to the Lilieford test, it had been transformed using
the Box-Cox method [23]. For the data that were not
normally distributed even after the transformation,
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non-parametric tests (Kruskall-Wallis ANOVA and
Mann-Whitney U-test) were performed. Differences
were considered significant if the probability of Type
I error was less than 0.05. The relationship between
biochemical parameters of the ovarian tissue sam-
ples was evaluated using the principal component
analysis (the value greater than 0.7 was considered
as a probable factorial weight), discriminant analysis
and correlation analysis (Pearson’s correlation coef-
ficient r under the probability of the value P < 0.05).
All statistical calculations were performed with Sta-
tistica v 10.0 and Excel for Windows-2007.

Results and Discussion

The results of an evaluation of antioxidant de-
fense system state (Table 1) show that Mn-SOD ac-
tivity in the malignant ovarian tissue is higher (by
630%) than in controls, and the activity of Cu, Zn-
SOD does not differ between the two groups. The
catalase activity (by 49%) and reduced glutathione
level (by 46%) are lower in the malignant tissue. At
the same time, the intensity of the oxyradicals for-
mation (by 332%), the concentration of TBARS (by
100%) and protein carbonyls (by 71%) and the lowest
concentration of oxidized glutathione (by 17%) are
higher in the tumor tissue compared to the control
samples. Moreover, the redox index of glutathione
is equal to 0.89 in control and 0.84 in the malignant
tissue samples.

Analysis of the metals content in the ovarian
tumors samples evidences that the content of cop-
per (by 76%) and zinc (by 47%) is lower while the
content of cadmium (by 1322%) is higher than in
the comparison group (Table 2). Therefore, the ra-
tio of the concentrations of zinc, copper and cad-
mium in the tumor and the control tissue (umol/g
of tissue) is fundamentally different: it is equal to
1.990:0.029:0.003 in control, and 1.050:0.007:0.040
in the malignant tissue.

The analysis of metals content in metallothio-
neins (Table 2) evidences that the differences be-
tween the groups, although they are presumable for
copper and zinc, are substantially less than in the
tissue. Thus, the content of zinc within the metal-
lothioneins is higher in the malignant tissue than
in control. However, the content of copper and cad-
mium in the composition of metallothioneins taken
from the tumor tissue is less than one atom per mole-
cule of this metal-binding protein [24]. From the
comparison of the content of metals in the tissue and
accumulated in the metallothioneins, we see that the
massive imbalance of metals can be observed in the
malignant ovarian tissue, including almost two times
less content of zinc and five times less content of
copper in non-binding form, whereas the content of
such potentially toxic form of cadmium is nearly 40
times higher. The total content of the metal-binding
form of metallothioneins (MT-Me) is commensurate

Table I Biochemical parameters in the malignant and control ovarian tissues (M = SD, n = 15)

Parameter

MT-SH content, ug-g! of tissue

MT-Me content, pg-g" of tissue

Reduced glutathione content, umol-g"! of tissue
Oxidized glutathione content, umol-g! of tissue
Cu,Zn-SOD activity, CU-mg" of protein
Mn-SOD activity, CU-mg"! of protein

Catalase activity, mmol-min™"-mg" of protein
TBARS content, nmol-g"! of tissue

Protein carbonyls level, nmol-g'! of tissue
Oxyradicals content, RFU-mg"' of protein

Total activity of cathepsin D, nmol'min'-g" of tissue
Free cathepsin D activity, nmol'min"-g" of tissue
Content of fragmented DNA in total DNA, %

Groups
Control tissue ‘ Malignant tissue

7.6+0.9 15.3 + 1.8*
6.2+0.5 6.8+0.8
5.0+0.5 2.7+0.5%
0.6+0.1 0.5+0.1*
1.5+0.3 1.4+£0.2
1.3+£0.2 9.5+0.8*

272 +58 18.2 £ 1.5*

18.0£2.1 35.8 £4.3*
1.4+0.3 2.4 +0.3*%

0.34£0.05 1.47 £0.27*
37+0.5 8.5+ 0,9%
1.7£0.3 57 +0.8*%
34+06 6.8 £ 0.5%

Note. Here and Table 2: *differences compared with data for the intact ovarian tissue are presumable, P < 0.05
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Table 2. Content of copper, zinc and cadmium in the ovarian tissue and metallothioneins (M = SD, n = 15)

Parameter Control Ovarian cancer

Cu, pg-g' of tissue 1.83 +0.19 0.44 + 0.06*
Zn, ng-g! of tissue 129.5 £21.4 68.3 £ 19.0*
Cd, png-g! of tissue 0.32+£0.04 4.55 +0.52*
Cu-MT, nmol-g"! of tissue 22+£02 1.6 £ 0.2%

Zn-MT, nmol-g"! of tissue 92+1.2 109 £ 1.5%
Cd-MT, nmol-g"! of tissue 20+0.2 1.8+0.2

Cu:Zn:Cd (MT) 1.0:43:09 1.0:7.0: 1.1

in the tissue samples from both groups, but the total
content of metallothioneins protein determined by
the content of thiols (MT-SH), is twice as high as in
the malignant tissue compared to the intact tissue.

The signs of cytotoxicity are determined in the
tumor tissue: an increased (compared to control)
level of DNA fragmentation (by 100%) and cathep-
sin D activity, both of its total (by 130%) and free
forms (by 235%).

Using the method of principal component anal-
ysis (a subtype of the multivariate data analysis) al-
lowed us to quantitatively prove the degree of the
relationships between the changes of individual in-
dicators in the tissue samples of comparison groups.
As shown in Fig. 1, 63.47% of the absolute values be-
long to Factors 1 and 2. By their values, MT-SH form
a common cluster with the parameters of oxidative
stress, cytotoxicity and cadmium, which are local-
ized opposite to the group of essential metals, such
as zinc and copper, catalase and reduced glutathione
concerning Factor 1 (Fig. 1). This arrangement
proves the affinity of the consistencies of the values
changes within the cluster and their opposite charac-
ter between the two clusters. With the help of step-
wise discriminant analysis, the biochemical markers
were defined, which differentiate the studied tissue
samples with high reliability (F(10.13) = 606.95,
P < 0.001). In particular, the characteristic signs of
the malignant ovarian tissue include high activity
values of free cathepsin D, the level of fragmented
DNA, TBARS and protein carbonyls, as well as the
low content of reduced glutathione in the tissue.

The concordance increase in Mn-SOD, MT-
SH and oxyradicals levels (»(Mn-SOD/oxyradi-
cals) = 091, P < 0.001; » (MT-SH/oxyradicals) =
0.85, P <0.001) in the malignant tissue indicates the
alarm function of reactive oxygen species under the
overexpression of these stress-dependent proteins
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[25]. It is believed that such coordination may be
based on the oxyradicals induced activation of MAP
kinase pathway (MAPK) and a number of sensi-
tive to oxidative stress transcription factors inclu-
ding Nrf2. The last one is assigned to the induction
regulation of the cytoprotective genes block through
binding to the antioxidant-responsive promoter ele-
ment [26] and contributes to balancing the level of
reactive oxygen species and therefore, the regulation
of the transformed cells proliferation. The data on
the role of metallothioneins and SOD overexpres-
sion in tumor cells is conflicting. Mitochondrial
Mn-SOD, as a powerful antioxidant factor, plays a
crucial role in cancer development. Many types of
tumor cells are marked with the low protein and Mn-
SOD activity, but some forms of tumors have a high
level of both expression and activity of this enzyme,
which can display different types and stages of can-
cer development [27]. Overexpression of both Mn-
SOD and Cu, Zn-SOD as a result of gene therapy
inhibits the growth of breast cancer cells in vitro and
in vivo [28].

Such contradictory information also concerns
the estimation of the MT role in cancer cells. MT
are low-molecular weight, cysteine-rich (up to 30%
of amino acids), metal-keeping and stress proteins,
which chelating zinc, cadmium and copper in cells.
Because of the presence of three elements in the pro-
moter of MT genes, metal-responsive, antioxidant-
responsive and glucocorticoid- responsive, they are
induced by metals, many stress factors and pro-oxi-
dants and in vitro inhibit peroxide-radical processes
[29-31]. The formation of the joint MT cluster with
the parameters of oxidative stress in the ovarian tis-
sue in the diagram obtained by the principal compo-
nent analysis (Fig. 1), and the similarity of MT-Me
index in the two groups evidences that under ovarian
cancer MT function is connected to scavenge of re-
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CAT

Factor 2 : 8.00%

SOD

-1.0 -0.5 0.0

0.5 1.0

Factor 1 : 55.47%

Fig. 1. The multivariate analysis of the metals content and the parameters of the oxidative stress system and
apoptosis in the malignant and control ovarian tissues. Legend: MT-SH, content of metallothioneins by the
level of thiols in the protein; MT-Me, content of metallothioneins by the level of metals (copper, zinc and cad-
mium) in the protein; Cu, Zn, Cd, metal content in the tissue; GSH, reduced glutathione content; PC, protein
carbonyls level; TBARS, TBA-reactive substance content; OR, oxyradicals content; Cu,Zn-/Mn-SOD, Cu,Zn-/
Mn superoxide dismutase activity; DNAf, DNA fragmentation; CAT - catalase activity; Cath-D, cathepsin D

active oxygen species (r (MT-SH/oxyradicals) =
0.85, P < 0.001) more, than to binding of metals,
which had been noted by us under thyroid pathol-
ogy [32, 33]. At the same time, we know that more
than 74% of carcinomas have lower MT level than
normal mucosa. However, overexpression of MT
under colon cancer and high protein content speci-
fied by immunochemical method (i.e. metal-binding
form of MT-Me), under breast cancer is considered a
sign of unfavorable prognosis of the disease, includ-
ing the formation of metastases, and in the use of
chemotherapy [34]. At least 10 genes encoding MT,
are associated with breast cancer [34]. However, un-
der testicular cancer, the high levels of MT defined
immunochemically, is the evidence of a positive
prognosis for the use of chemotherapy [35]. In ad-
dition, the isoforms composition of MT may deter-
mine the mechanism of cell death, moreover, MT-3
expression leads to the inhibition of the apoptosis
and necrosis scenario development [36]. Thus, coor-
dinated activation of Mn-SOD and increase of MT
content, which is served as radicals scavenger, can
not be interpreted uniquely in the studied pathology.
Therefore, simultaneous increase in activity and/or
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contents of SOD and MT stress-related protein and
parameters of prooxidant changes are observed in
the tumor tissue. The reasons for the accumulation
of the reactive oxygen intermediates can be both the
depleted pool of glutathione and the imbalance be-
tween SOD activation and the inhibition of catalase
activity, as evidenced by the negative correlation be-
tween these parameters (» = -0.78, P < 0.001) and
the results of a multivariate analysis. Interrelations
between SOD activities: catalase is six times higher
in the malignant tissue than in control, which shows
an insufficiently effective removal of hydrogen per-
oxide — a product of superoxide anion dismutation.
It is commonly known, that with the participation of
redox-active metals, mostly iron, hydrogen peroxide
converts into highly reactive a hydroxyl radical [25].
In turn, the accumulation of oxygen radicals contrib-
utes to high proliferative capacity of the malignant
cells.

The level of reduced glutathione and, even
more, its redox index, refers to the prognostic signs
of tumor growth because it largely controls the re-
dox balance in cells, which, in turn, affects gene
expression, cell differentiation, proliferation and
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apoptosis [37]. It is believed that the elevated level
of glutathione indicates cellular resistance to chemo-
therapy with the help of cisplatin [38]. It is reported
about the elevated glutathione level in the ovarian
tumor tissue or its variability depending on the stage
of tumor development (with an increase of the level
in the process of tumor growth), while such charac-
teristic is not observed under cervical cancer, or the
reduction of glutathione is estimated in the process
of tumor development [39]. Therefore, disregarding
the large number of explorations, their results are
ambiguous and, moreover, not correlated with other
characteristics of the tissue. In our study, we clearly
revealed common patterns of the changes of glu-
tathione, copper and zinc levels in the ovarian tumor
tissue (Fig. 1). These results indicate the irrevers-
ible exhaustion of glutathione, probably due to the
removal of its essential ligands - zinc and copper -
from the tissue and minimizing of its redox index.
The reduction of copper content in the tissue can be
assessed as a positive sign because the chelation and
removal of copper and other essential metals as well
as glutathione is considered as an effective compo-
nent in limiting tumor progression and angiogene-
sis and inflammation related to it [40], while the
higher content of zinc, copper and glutathione in the
malignant tissue indicates tumor progression [41].
Identifying destructive changes of proteins, lipids
and DNA evidences of a significant degree of tis-
sue damage, despite the activation of stress-sensitive
proteins.

An increased content of cadmium in a non-
binding with MTs form occurred to be another dam-
aging factor in the malignant tissue. An elevated lev-
el of cadmium was observed in the urine of women
with breast cancer [42]. Our results let us estimate
the relation between the level of cadmium in the
ovarian tissue and the manifestations of oxidative
damage to proteins and DNA:

Cd = -544 + 3.6xPC* — 0.02xTBARS -
—0.12xOR + 0.33 DNAf* R*=0.90, F (4.19) = 41.5,
P < 0.001 (*parameter makes a presumable contri-
bution to the mathematical model). Thus, it’s obvi-
ous that an increase in cadmium content in ovaries
became one of the factors of the radical-mediated
pathological process and tumor growth.

Lysosomes are considered to be the most vul-
nerable cell targets for oxyradicals [43]. However,
under the positive scenario, they induce autophagy —
a strictly regulated lysosomal pathway, which en-
sures the degradation of cytoplasmic structures and
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the cancer cells’ death [43]. Regarding cathepsin D,
its increased expression and release from lysosomes
may both launch the apoptotic cascade with the
death of damaged cells, functioning not as a pro-
tease, but as a signal factor, and inhibit apoptosis
promoting malignant growth [44]. Moreover, pecu-
liarly cathepsin D plays a key role in the progression
of a number of malignant tumors [4, 44] and is a
recognized independent marker of the unfavorable
prognosis for various types of tumors [44, 45]. We
have shown that cathepsin D relates to determining
factors of the comparison group differentiating in
the malignant ovarian tissue.

Thus, a multi-marker analysis of stress-sen-
sitive processes in the ovarian tumors allowed to
determine the amount of features, under which the
pathological changes in the malignant tissue are
compounded — among them are the discoordination
of the stress-dependent proteins activities, the imbal-
ance of the sub-cellular distribution of copper, zinc
and cadmium, as well as the activation and release
of lysosomal cathepsin D.
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[loka3HUKH OKHCHOI'O CTpEeCy € BH3HAHUMHU
MOJIEKYJISIPHUMH MapKepaMH Ta MPOTHOCTUYHUMH
KPUTEPISIMH 3JIOSKICHOTO TIEPEPOIKEHH ST TKAHUHH,
npoTe 1X BUSIBICHHS 3aJIe)KaTh BiJ THUIY MyXJIUH
1 cTamiii iX po3BUTKY. METOIO MOCTIIKEHHS OYJI0
3’5ICyBaTH B3a€MO3B’SI30K MK XapaKTEPUCTHKAMH
CHCTEMHU OKHCHOT'O CTPECy, Y TOMY 4HCIi i MeTai-
acolifOBaHUMH, Ta MPOSIBAMH LUTOTOKCHYHOCTI
B OHKOTpaHC(OPMOBaHIM TKaHWHI SWHUKIB ITIO-
IvuHU. Briepime BCTaHOBIEHO BHIIWK piBeHb Mn-
CYTNEPOKCHITNCMYTa3HOI aKTHBHOCTI IIUTO30JTI0 (HA
630%) ta npoteiny Metanotioneiny (MT, na 100%)
y TpaHc(hOpMOBaHill TKaHWHI MOPIBHSHO 3 HEypa-
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YKCHOIO TKAHMHOIO SIMHUKIB. Y MyXJIHHHIA TKaHWHI
3HAYHO BUIIMU piBEHb YTBOPEHHS OKCHPAIUKaIIiB
(Ha 332%), HUKYa aKTUBHICTH KaTajasu (Ha 49%)
Ta HUXKYUU BMICT BiJJHOBJICHOTO TJIyTaTiOHY (Ha
46%) Tta ioro penokc inaekcy (0,84 mporu 0,89 y
KOHTPOJIi). 32 BITHOCHO CTa0UIBHOTO BMICTY IIMH-
Ky, KyIpyMy Ta KaaMmiro y ckinagi MT, BMiCT HIHHKY
Ta, 0COONHMBO, KyNpyMy Y HEICTOHOBaHii (opmi
ICTOTHO HWX4YMU y TpaHcHOpMOBaHiH TKaHUHI, a
BMICT KaJMil0 BUIIUU. JIMCKpUMIHAHTHUHN aHai3
BCIX JIOCTIJ)KYBAaHUX TIOKa3HUKIB BHSBUB, IO
MiBUIIEHUN BMICT MPOAYKTIB OKUCHOTO YparkeH-
Hs TpoTeiHiB, niminiB, ¢parmentoBanoi HK Tta
aKTHBHICTBH KaTerncuHy /I, 0cobamBoO 1HOro BiIBHOI
dbopmu (Buie Ha 235%) HaNEKUTH IO TOJIOBHUX
XapaKTEePUCTUYHUX O3HAK OHKOTpaHc(opMoBaHOI
TKaHWUHU SIHHUKIB.

KnmodoBi clroBa: pak SHHUKIB, OKUCHUU
cTpec, amonTo3, METaJOTIOHETHU, IIyTaTioH,
KarerncuH /[, Kynpyw, [UHK.

MPOSIBJEHUSI OKUCJIUTEJBHOI'O
CTPECCA U MOJIEKYJISIPHBIX
MOBPEXJIEHUM B PAKOBOI TKAHU
SINYHUKOB
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Ilokazarenn OKMCIMTENBHOTO CTpecca SBIfA-
FOTCSl IPU3HAHHBIMU MOJICKYJISIPHBIMUA MapKepaMmu
U MPOTHOCTHYECKUMH KPUTEPHUSIMH 3JI0KAYeCTBCH-
HOTO TIEPEPOXKICHUS TKaHU, OJJHAKO MX BBIPAKCH-
HOCTH 3aBHCHUT OT THIa OIYXOJH U CTaJHUN ee pa3-
BuTHus. llenpro uccienoBaHusi OBUIO BBISICHEHHE
B3aMMOCBS3U MEXJly XapaKTepUCTUKAMH OKHCIIHU-
TEJIBHOT0 CTpecca, B TOM YHCIIe U METaJIJIACCOLUU-
POBaHHBIMH, U TPOSBICHUSIMU ITUTOTOKCUIHOCTH
B OHKOTPaHC(OPMUPOBAHHONW TKAHH SIMYHUKOB
4yenoBeka. BriepBble yCTaHOBIEH 0ojiee BBICOKHI
YPOBEHb aKTUBHOCTH MN-CYNEepOKCHIIUCMYTa3bI
(ua 630%) u mpoTenna metainoruonenna (MT, Ha
100%) B TpanchopMUpOBaHHON TKaHHU TIO CpaBHE-
HHUIO C TAKOBOW y JIUI[ C HETpaHC(HOPMHUPOBAHHON
TKaHbIO SIMYHUKOB (KOHTpoNb). B omyxoneBoit
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TKaHH yPOBEHb 00pa30BaHUs OKCHPAJMKAJIOB (Ha
332%) 3HAYUTENBHO BBIIIE, & AKTUBHOCTH KaTaJIa3bl
(ua 49%), conepkaHue BOCCTAHOBICHHOTO [Ty TaTH-
ona (Ha 46%) u ero pemokc unaekc — Hmwke (0,84
no cpaBHenuto ¢ 0,89 B xoHtpose). [Ipu oTHOCH-
TEIBHO CTAOMIIBHOM COJCPKAHWHM LIUHKA, MEIU H
kaaMus B coctaBe MT B omyXosjeBod U 310pOBOM
TKaHH, COAEp)KaHWe IIMHKA M, OCOOCHHO, MEIU B
HEJICTIOHNPOBaHHOW (opMe B TpaHCHOPMHUPOBAH-
HOM TKaHU CYILECTBEHHO HUXE, YeM B KOHTpPOJIE,
a cofiep)KaHue KaJMusd BbIlIe. [[MCKpUMUHAHTHBIN
aHaJIM3 BCEX HCCIIEAYEMBIX IMOKa3aTelel BBISBUIL,
4YTO NOBBIIIECHHOC COACPIKAHNUC TPOAYKTOB OKHCIIN-
TEJBHOW ACCTPYKIMH MPOTEHHOB, JUITHIOB, (par-
meHTupoBaHHoi JIHK n akTuBHOCTH KaTencuna /1,
0co0eHHO ero cBobonHol (GopMbl (Beime Ha 235%)
OTHOCHUTCA K I'TIaBHBIM XaPAKTCPUCTUUCCKUM IIPH-
3HaKaM OHKOTPaHC(HOPMHUPOBAHHON TKaHHW SHYHU-
KOB.

KnrmodyeBBle CII0Ba: pak SMYHAKOB, OKHC-
JUTEIBHBIA CTPECC, arolnTo3, METaJJIOTHOHCHHEI,
TIIyTaTHOH, KaTencuH /|, Meap, IWHK.
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