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lonized Ca*" is crucial for regulation of practically all intracellular processes, including tumor growth, cell
proliferation, agoptosis, etc. The plasma membrane Ca®*,Mg*-ATPase plays an important role in maintaining
intracellular Ca”* homeostasis. The function of this enzyme is to reduce the Ca** concentration in the cytosol, namely
its transport against a concentration gradient in the extracellular medium. We have investigated the activity of plasma
membrane Ca”* Mg?"-ATPase of lymphocytes of practically (clinically) healthy women of different age groups and
also patients with ovarian cancer stage 111 and IV. It was found that the enzyme activity in women of the older age
group was not significantly reduced in relation to the activity of the younger age group. Thus, the value of the
maximum rate of ATP hydrolysis by plasma membrane Ca* Mg?*-ATPase of blood lymphocytes in practically healthy
women under the conditions of physiological norm was 1.1 times higher than under of pre-nosological state. In patients
with ovarian cancer (stages 11l and IV), plasma membrane Ca®"Mg**-ATPase activity of blood lymphocytes
significantly differed from the physiological norm and decreased by 1.6 and 1.8 times, compared with the physiological
norm. The decrease of the plasma membrane Ca?",Mg**-ATPase activity of blood lymphocytes in patients with ovarian
cancer indicates an increase of Ca?* in the cytosol of lymphocytes. Determination of affinity constants showed that
these values were in the submillimolar range of concentration, corresponding to the physiological concentration in the
cell cytoplasm (0.5-5.0 mM). In healthy persons, under the condition of physiological norm, the affinity constant of
plasma membrane Ca* Mg?*-ATPase to the ATP was 0.16 + 0.02 mM and at pre-nosological state — 0.19 + 0.02 mM.
The affinity constant of plasma membrane Ca*,Mg?-ATPase of lymphocytes to ATP in patients with ovarian cancer
(stage I1I) was 0.32 + 0.03 mM and with ovarian cancer (stage IV) 0.35 + 0.03 mM. That is, the affinity constant of
plasma membrane Ca®*, Mg?*-ATPase of lymphocytes to ATP in patients with ovarian cancer was 2.0-2.1 times higher
than this value for the blood lymphocytes in the control group (physiological norm). The kinetic analysis of Ca?'-
activated, Mg?'-dependent hydrolysis of ATP in blood lymphocytes in women showed that the decrease in the activity
of Ca?"Mg?-ATPase was due to a decrease in the affinity of the enzyme to the substrate (KATP increases 2-fold).
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Therefore, an important direction in physiological, biochemical and
other biomedical investigations is the elucidation of mechanisms regu-

It is known that ovarian cancer (OC) occupies a leading place
among the causes of mortality from malignant formations (Howlader
etal., 2013). Specifically, according to the International Agency for Re-
search of Cancer, more than 165,000 newly diagnosed cases of ovarian
cancer are reported annually in the world. It is the cause of death of
more than 100,000 women (Howlader et al., 2013).

Ovarian cancer refers to severe pathology of the female reproduc-
tive system (Buys et al., 2011; Paryzhak et al., 2014). This pathology
manifests itself especially through its high ability to proliferate and
metastasize, which determines the clinical course of the disease
(Paryzhak et al., 2014; Vovchuk, 2014). It is widely studied with the
aim of both improving the methods of diagnosis and detection of the
tumor process in the early stages, as well as optimizing the treatment
based on modern ideas about its pathogenesis. Probably, the violation of
proliferative processes and the development of OC is preceded by a pre-
nosological state that is clinically asymptomatic. Data from the literature
show that the greater the age of a woman, the greater the probability of
developing ovarian cancer (Markman et al., 2004; Lukianova et al.,
2006; Vovchuk, 2014; Yakubets et al., 2016).

lating the functioning of the cell both in practically healthy individuals
and those with pathological conditions (Radchenko, 2004; Gzhegotsky
et al., 2008). However, the limits of the majority of physiological pro-
cesses in practically healthy individuals are quite broad and can
conditionally correspond to both the physiological norm and the pre-
nosological state (Radchenko, 2004; Gzhegotsky et al., 2008; Yakubets
et al., 2016). It is believed that the state of the physiological norm is
characterized by the balance of the work of many regulatory and
functional systems of the body, while in the pre-nosological state, the
mobilization of functional resources and the tension of regulatory
systems is necessary (Gzhegotsky et al., 2008). In this regard, the recog-
nition of intermediate, that is, prenosological states preceding nosolo-
gical-definite forms of diseases is a highly topical issue. Often the term
"practically (clinically) healthy" corresponds to clinically asymptomatic
conditions at the border of norm and pathology, which may require
preventive correction (Radchenko, 2004; Gzhegotsky et al., 2008).
Currently, there are no clear criteria to differentiate between the
state of the physiological norm and the pre-nosological state, which
makes it difficult to use them in medical and biological research and in
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clinics. To identify the earliest preclinical stages of pathological
processes, study of cellular regulatory systems and the search for new
biochemical and other markers is carried out. In this aspect, the role of
Ca®* fons as a universal intracellular messenger in the regulation of cel-
lular functions is indisputable (Feske, 2007; Monteith et al., 2007;
Bergner et al., 2008; Monteith et al., 2012; Pinto et al., 2015; Dang etal.,
2016; Padanyi et al., 2016; Peters et al., 2016; Monteith et al., 2017).

Specifically, Ca®* is one of the major determinants of invasiveness
and metastatic potential of transformed cells (Feske, 2007; Monteith
etal., 2007; Paryzhak et al., 2014). It regulates the transcription of
genes, metabolism, proliferation, apoptosis, etc. Malignant growth is
accompanied by increased proliferation and decreased apoptosis.
Therefore, in the study of tumor growth, it is particularly important to
study the Ca®* homeostasis. The increase in Ca?* concentration in the
cytoplasm is the result of its transport from the extracellular medium
and release from the intracellular stores. Two main structures involved
in maintaining and controlling intracellular Ca?* homeostasis are plasma
membrane Ca®* Mg*-ATPase and Ca’"Mg®-ATPase of the
endoplasmic reticulum (Monteith et al., 2007; Bergner et al., 2008;
Monteith et al., 2012; Padanyi et al., 2016).

On the other hand, it is known that T-lymphocytes play a central
role in the antitumor protection of the body. They carry out antitumor
protection by destroying cancer cells, as well as synthesizing substances
that activate other cells in the immune system. Some T-lymphocytes kill
cancer cells (T-killers). Others cells help the latter kill cancer cells
(T-helpers). It is believed that the presence or absence of certain groups
of T-lymphocytes, is associated with important differences in the
prediction of the development of ovarian cancer in patients (Gavalas
etal., 2010; Knutson et al., 2015; Krishnan et al., 2017).

Also, peripheral blood lymphocytes can serve as an adequate
model for studying pre-nosological conditions and the development of
ovarian cancer and objectively reflect changes of the genetic and
metabolic homeostasis of an organism (Davtian et al., 2001; Krishnan
etal., 2017). That is, they can be test systems for study of regulatory
mechanisms of the cell, in particular Ca?*-transporting systems for
ovarian cancer. Thus, in spite of existing research, which is devoted to
pre-nosological states, different age aspects, the functioning of blood
lymphocytes of different age groups and so on, the role of a number of
regulatory systems, in particular, ATP-hydrolase in both practically
healthy individuals and in neoplastic transformations of organs and
tissues, still remains unclear.

The purpose of present work was to determine the activity and
characterize the kinetic properties of plasma membrane Ca®"Mg?-
ATPases of blood lymphocytes in practically healthy women of diffe-
rent age groups and in women with ovarian cancer.

Materials and methods

Patients. The research was ccarried out on blood lymphocytes
isolated from practically healthy women and patients with neoplastic
changes in the ovary. The total number of practically (clinically) healthy
women, representative by age (mean age 53.8 + 5.4 years) was 44 per-
sons. This group was formed from volunteers from among the
employees of Danylo Halytsky Lviv National Medical University and
also of the employees of the Lviv State Regional Oncology Treatment
and Diagnostic Center. In turn, a group of practically healthy women
was conditionally divided into two subgroups: FN (26 people, 20—
40 years old, physiological norm) and PS (18 people, 41-60 years old,
pre-nozological state). Such a conditional division was based on the fact
that with increasing age of women, the probability of ovarian cancer
increases and the concentration of the tumor marker CA-125 increases
in the blood (Yakubets et al., 2016).

The group of women with neoplastic ovarian changes was 32 wo-
men aged 24-75 years (average age 554 + 5.3 years) who were
receiving inpatient treatment at the Lviv Regional State Oncology
Treatment and Diagnostic Center in the period 20132017 and passed
the complete clinical and laboratory diagnostic. The study included
patients with an established diagnosis of ovarian cancer without the
presence of concomitant diseases at the start of the study.

The research group was divided into two subgroups, depending on
the stage of development of ovarian cancer: OC 1 — the patients with
111 stage of ovarian cancer, a tumor is distributed on one or two ovaries
and gives metastases on the peritoneum beyond the pelvis (or meta-
stases in retroperitoneal lymph nodes) (n = 22); OC 2 — the patients with
IV stage of ovarian cancer, a tumor is extended on one or two ovaries
with distant metastases (n = 10).

Appropriate diagnoses were established on the basis of a wide
range of general-clinical, laboratory, special oncology, instrumental
research methods. In addition, for the differentiation of practically
healthy women and diagnosis of ovarian cancer, the level of the tumor
marker of glycoprotein CA-125 in blood serum was determined
(Paryzhak et al., 2014; Yakubets et al., 2016). All patients with ovarian
cancer and practically healthy persons were well informed about the
purpose, tasks and term of the study and provided written informed con-
sent to participate in conducting research on blood samples. All patients
and healthy donors gave written informed consent to participate in
research (Ethical Committee Approval, protocol No 4, April 18, 2016).

Cell preparation. Blood sampling by means of venipuncture was
carried out from the elbow vein in the morning hours under conditions
of physiological rest, on an empty stomach, in a quantity of 20 ml in test
tubes, and stabilized with heparin (final dilution 1 : 100). Whole blood
diluted in the ratio 1 : 1 by physiological solution was layered in a den-
sity gradient of the ficol triambraust (p = 1.08 g/lcm®) and centrifuged
for 20 min at 500 g. The removed interphase rings of mononuclear cells
were washed twice within 10 min with a physiological solution
(Boyum, 1968; Pidkovka et al., 2002). After the last centrifugation, a
small amount of saline solution was added to the precipitate,
resuspended and using a trypan blue, the count of the number of live
and dead cells in the Goryaev cell (Mishell, 1980) was measured. The
integrity and viability of blood lymphocytes in all researches was not
less than 95%.

For permeabilization of blood lymphocyte membranes and disclo-
sure of enzyme latent activity, saponin was added to the suspension.
This technique is based on work previously performed on lymphocytes.
Blood lymphocytes were incubated for 10 min at moderate shaking in a
solution containing saponin at a concentration of 0.2% (optimal concen-
tration) (Pidkovka et al., 2002; Vorobets et al., 2006; Fafula et al., 2011).

Assay of Ca** Mg*'-ATPase activity. Ca®*,Mg*'-ATPase activity
of blood lymphocytes was determined by registering the process of
ATP hydrolysis by accumulation of inorganic phospahate (P;). The
determination of the total Ca**,Mg?*-ATPase activity of blood lympho-
cytes was carried out at 37 °C in an incubation medium (volume — 1 ml)
of the following composition (mM): 150 KCI, 0.05 CaCl,, 5 MgC1,,
5 ATP, 1 NaNO; (mitochondrial ATPase inhibitor); 1 ouabain (inhibitor
Na* K*-ATPase) (Pidkovka et al., 2002; Fafula et al., 2011), 20 Hepes-
Tris buffer (pH = 7.4). For division the total Ca** Mg?**-ATPase activity
into components: thapsigargin-insensitive plasma membrane Ca?*, Mg*-
ATPase and thapsigargin-sensitive Ca’*,Mg**-ATPase membranes of
the endoplasmmic reticulum (EPR) the inhibitor an Ca*,Mg?**-ATPase
EPR-thapsigargin (0.1 uM) was added to the standard Ca?* and Mg?*-
containing incubation medium.

Plasma membrane Ca® Mg?-ATPase was calculated as the
difference between total Ca?*Mg?*-ATPase activity and Ca®*,Mg**-
ATPase activity in the presence of thapsigargin. Ca®*,Mg?*-ATPase
activity was expressed in pmoles of P for 1 min per 1 mg of protein.

The kinetic parameters characterizing the Ca**-activated Mg*'-
dependent ATP-hydrolysis — the affinity constant (KATP) and the
maximum rate of ATP hydrolysis determined by ATP (VATP) were
calculated by the Lineweaver-Burk plot. The resulting concentration
dependences of the rate of ATP-hydrolysis reaction on the substrates of
reaction were plotted in the coordinates: {1/V; 1/[S]}, where S is the
substrate concentration and V is the rate of enzymatic hydrolysis of
ATP at a given concentration of the substrate.

Results

It is known that Ca?",Mg?*-ATPase transport Ca®* ions across the
membrane against their electrochemical gradient. This process is conju-
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gated with ATP hydrolysis. Ca?*,Mg?*-ATPase of blood lymphocytes
has been demonstrated by researchers earlier (Pidkovka etal., 2002;
Vorobets et al., 2006; Fafula et al., 2011). The physiological role of this
enzymatic system in the regulation of Ca?-homeostasis of the cell is
determined by its high affinity to the substrate of transporting, which is
Ca®* (Fafula et al., 2011; Padanyi et al., 2016).

Disturbances of the activity of Ca**-dependent ATP-hydrolysis
systems indicate structural and functional changes in biological mem-
branes in the development of pathological processes. Changes in the
activity of these systems of the cell lead to the redistribution of ions
between the cytoplasm and the extra-cellular medium, changes in cell
membrane potential. With growth of tumor, disturbances of the functio-
nal activity of the membrane-bound enzymatic systems acquires a gene-
ral (Systemic) character (Monteith et al., 2012; Pinto et al., 2015;
Padanyi et al., 2016; Peters et al., 2016).

As a result of the performed studies, it was found that plasma
membrane Ca?",Mg?"-ATPase activity of lymphocytes in practically
healthy women aged 2040 years (FN) was 2.97 * 0.26 pmol
Pymin'mg of protein (Fig. 1).

4

—

Activity, junol P,/ min mg protein
=
]
“

0
FN Ps 0cCl 0cC2

Fig. 1. Plasma membrane Ca’*,Mg?-ATPase activity
of blood lymphocytes of women at the physiological norm (FN),
pre-nosological state (PS), in patients with ovarian cancer 111 (OC1)
and IV (OC2) stages: X +m,n=8-12; *—P <0.05
compared to physiological norm

In practically healthy women 40-60 years old (PS) this value was
2.61 + 0.25 pmol Py/minemg of protein. In patients with OC (Stages I
and IV), plasma membrane Ca’*",Mg?'-ATPase activity of blood lym-
phocytes significantly differed from the physiological norm and was
1.83+0.14 and 1.62 + 0.14 pmol Py/minemg of protein. Enzyme activi-
ty decreased by 1.6 and 1.8 times, respectively (P < 0.05), compared
with the physiological norm.

The decrease of the plasma membrane Ca®* Mg?*-ATPase activity
of blood lymphocytes in patients with OC indicates the increase in
[Ca?"]; in the cytosol of lymphocytes. Ca** Mg?*-ATPase and Na* K-
ATPase use the energy of ATP hydrolysis to transport ions against their
electrochemical gradient. Therefore, changes in the ATP concentration
in the incubation medium will affect the rate of ATP hydrolysis.

The dependence of Ca®Mg?-ATPase activity on the substrate
concentration (ATP) in the incubation medium was determined by the
affinity constant to the substrate (KATP). It was calculated by
determining the plasma membrane Ca® ,Mg*-ATPase activity in the
incubation medium which contained the substrate in the concentration
range from 1 to 5 mM (with a constant concentration of Ca®* ions —
0.05 mM and Mg?" ions —5 mM).

It was shown that an increase in the ATP concentration in an incu-

bation medium in the range from 1.0 to 4.0 mM leads to a gradual
increase in plasma membrane Ca?*,Mg?-ATPase activity of blood lym-
phocytes of practically healthy persons reaching a plateau (Fig. 2).

4
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Fig. 2. Dependence of plasma membrane Ca®*,Mg?*-ATPase activity
of blood lymphocytes of women at the physiological norm (FN),
pre-nosological state (PS), patients with ovarian cancer |11 (OC1)
and IV (OC2) stages on the ATP concentration
in the incubation medium (x £ m, n =8-12)

The maximum values of the hydrolase activity of plasma membra-
ne Ca?* Mg?*-ATPase of the blood lymphocytes in healthy subjects and
in patients with OC were noted at 4 mM ATP in the incubation
medium. The study of the concentration dependence of Ca?*Mg?**-
ATPase activity on ATP shows that the activity of plasma membrane
Ca® Mg?*-ATPases in patients with OC was decreased in comparison
with control groups throughout the range of studied concentrations of
the substrate.

For clarification of possible mechanisms of changes in plasma
membrane Ca?",Mg?"-ATPase activity, the main kinetic parameters of
ATP hydrolysis in immunocompetent cells in healthy persons and
patients with OC were determined (Fig. 3). The dependence curves
(WV; U[ATP]) differ by angle of inclination for physiological norm and
patients with ovarian cancer. Curves (1/V; 1/[S]) at the normal physio-
logical state and at pathology cross the X and Y axes at different points.
This dependence corresponds to a mixed type of inhibition of the enzyme.

To determine the main kinetic parameters of ATP hydrolysis with
the participation of plasma membrane Ca®",Mg?-ATPase of blood
lymphocytes in patients with OC and the elucidation of the possible
mechanism of enzymatic activity change, the curves of concentration
dependences were linearized in the Lineweaver-Burk plot.

It was established that the values of the maximum rate of ATP
hydrolysis by plasma membrane Ca2*,Mg?*-ATPase of blood lympho-
cytes of practically healthy women in the conditions of FN was 3.02 +
0.26 and in the conditions of PS 2.76 + 0.22 umol P/minemg of protein
(Table 1). The maximum rate of ATP hydrolysis by plasma membrane
Ca® Mg*-ATPase of lymphocytes in patients with OC of 111 stage was
1.95+0.20 and IV stage 1.77 £ 0.15 pmol P/minemg of protein. It can
be seen that the maximum rate of ATP hydrolysis by Ca* Mg?"-
ATPase of blood lymphocytes in patients with OC of both stages and
controls group was different and this difference was statistically signifi-
cant (P < 0.05).

Determination of affinity constants showed that these values were
in the submillimolar range of concentration, corresponding to the
physiological concentration in the cytoplasm of cells (0.5-5.0 miM).
In healthy persons, under the condition of FN, the affinity constant of
plasma membrane Ca®* Mg?-ATPase to the ATP was 0.16 + 0.02
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mM, and at PS — 0.19 + 0.02 mM. The affinity constant of plasma
membrane Ca?",Mg?"-ATPase of lymphocytes to ATP in patients with
OC (stage IIT) was 0.32 + 0.03 mM and at OC (stage IV) 0.35 + 0.03 mM.

0.8 T'pyIa KOHTp oo
— — —IlamieHTH 3 PA
------- TTarenTas ACA
P"
06

1/V, MEMons Py xB Ha 1 Mr np oTeiHy

[5¥]

1/[ATP]. MM

Fig. 3. Linearization of concentration curves in Lineweaver-Burk plot,
here \VV is ATP-hydrolase activity of plasma membrane
Ca® Mg?-ATPase of women at the physiological norm (FN),
patients with ovarian cancer 111 (OC1) and IV (OC2) stages
(n=8-12;r>0,85)

Table 1

Kinetic parameters of Ca®*-activated, Mg?*-dependent ATP hydrolysis
in blood lymphocytes of women at physiological norm (FN),
pre-nosological state (PS), patients with ovarian cancer |11 (OC1)

and IV (OC2) stage defined by ATP (x + m, n=8-12)

Control group Patients with OC

Kinetic parameters —eg PS  liistage (OC1) IV stage (OC2)

Ve, pmole P/MIN— 5> 096 9764022 195+020%  177+015
1 mg protein

Karr, MM 016+0.02 019+002 032+0.03* 0.35+0.03*

That is, the value of the affinity constant to ATP for plasma
membrane Ca?* Mg?*-ATPase of lymphocytes in patients with OC was
2.0-2.1 times higher than this value for the blood lymphocytes in the
group of physiological norm. It can be concluded that the inhibition of
enzyme activity occurs both by reducing the maximum rate of ATP
hydrolysis (Ve Was decreased) and by reducing the affinity of plasma
membrane Ca*",Mg?"-ATPase to the substrate (the affinity constant to
ATP was increased).

It is known that the extrusion of Ca®* from the cell through the
plasma membrane is carried out by two main mechanisms: Ca®*,Mg?*-
ATPase and Na'/Ca*-exchanger. However, most researchers
demonstrate that under carcinogenesis, the main mechanism is the
Ca®*,Mg**-ATPase, which supports the concentration of cytosolic Ca**
at a level of ~ 100 nM (Monteith et al., 2012; Monteith et al., 2017). In
order to achieve precise Ca* control over several processes in the same
cell, it is paramount that the Ca?"-homeostasis is strictly controlled in
time and space. The amplitude-temporal and spatial aspects of the Ca?"-
signal should be precisely regulated to achieve specific results, such as,
for example, the cell cycle regulation, apoptosis or the cell proliferation
(Monteith, 2007). Plasma membrane Ca?",Mg?"-ATPase is not only
itself involved in controlling the intracellular Ca2-concentration, but
also controls the formation of inositol-1,4,5-triphosphate and, accor-
dingly, a decrease of Ca?*-efflux from the endoplasmic reticulum
(Padanyi et al., 2016). Changes of the expression of plasma membrane

Ca* Mg*-ATPase in the process of tumor growth, resulting in
unbalanced homeostasis in tumor cells were shown (Padanyi et al.,
2016). Our data concerning the decrease of Ca®*, Mg?*-ATPase activity
agree that in cases of ovarian cancer there is an increase in the Ca?*
concentration in cytosol and even hypercalcemia (Pinto et al., 2015;
Padanyi et al., 2016; Peters et al., 2016). The increase of the Ca?*-con-
centration is due primarily to the fact that extrusion of Ca®* from the cell
decreases due to a decreased Ca?",Mg?"-ATPase activity. The increase
in Ca?" concentration by inhibiting the ATPases activity in ovarian can-
cer also induces apoptosis (Monteith et al., 2007; Monteith at al., 2017).

The data on the expression of endoplasmic reticulum Ca®*,Mg**-
ATPase in cells of patients with colon carcinoma and breast cancer
(Papp et al., 2012) also indicate about a decrease in the Ca?* efflux from
cytosol in tumor growth. It was shown that the expression of this
enzyme was reduced and the search for therapeutic drugs was directed
at their effect by reducing the Ca®* concentration in cytosol.

By transferring Ca ions to the extracellular medium across the
plasma membrane, the CaZ*-pump reduces the cytosolic Ca?* level and
thus helps control over cells activity.

Ca®*-pumps can be not only the biomarkers, they can also serve as
anticancer therapeutic targets (Monteith et al., 2007). One of the
important features of the Ca®*-pump in comparison with other existing
or potential therapeutic targets in cases of cancer is the presence of
pharmacological activators and inhibitors of Ca?*-pumps. From the che-
mogenic point of view, many Ca-pumps are potential pharmacolo-
gical targets, and from the biological point of view, they are modulators
of Ca?"signals that can affect to tumorigenic regulatory pathways. By
modulating the activity of Ca*-channels and pumps that are expressed
in cancer cells, their activators or inhibitors can purposefully change Ca?*
homeostasis in cancer cells (Monteith et al., 2012; Monteith et al., 2017).

Conclusion

It was found that Ca®*,Mg?-ATPase activity of blood lymphocytes
in women of different age groups was not significantly different.
However, in women of the older age group, this activity had a tendency
to decrease. With ovarian cancer, the Ca®,Mg*-ATPase activity of
blood lymphocytes was significantly decreased in relation to the control
group, but there was no significant difference in the aenzyme ctivity
between the 3rd and 4th stages of ovarian cancer. The kinetic analysis
of Ca**-activated, Mg?*-dependent ATP hydrolysis in plasma membra-
ne of blood lymphocytes of women showed that decrease in Ca2*, Mg?*-
ATPase activity was due to a decrease in affinity to the substrate
(KATP increases 2-fold).

The work is a part of the research work “Investigation of functional and metabolic
reserves of stress-limiting systems of organism by extreme conditions in order to
identify effective ways of their correction” (state registration number
0116U004510) and "Development and introduction of immuno-biochemical
methods of early diagnostics of the development of pathological processes in the
body" (Grant of the President of Ukraine No. 1039/2014-pr1, September 24, 2014).

References

Bergner, A., & Huber, R. M. (2008). Regulation of the endoplasmic reticulum CaZ*-
store in cancer. Anti-Cancer Agents in Medicinal Chemistry, 8(7), 705-709.

Boyum, A. (1968). Isolation of mononuclear cells and granulocytes from human
blood. Scandinavian Journal of Clinical and Laboratory Investigation, 21(97),
77-89.

Buys, S. S., Partridge, E., Black, A., Johnson, C. C., Lamerato, L., Isaacs, C.,
Reding, D. J., Greenlee, R. T., Yokochi, L. A,, Kessel, B., Crawford, E. D.,
Church, T. R., Andriole, G. L., Weissfeld, J. L., Fouad, M. N., Chia, D.,
O'Brien, B., Ragard, L. R., Clapp, J. D., Rathmell, J. M., Riley, T. L., Hartge,
P., Pinsky, P. F., Zhu, C. S., Izmirlian, G., Kramer, B. S., Miller, A. B., Xu,
J. L., Prorok, P. C., Gohagan, J. K., Berg, C. D., & PLCO Project Team
(2011). Effect of screening on ovarian cancer mortality: The prostate, lung,
colorectal and ovarian (PLCO) cancer screening randomized controlled trial.
JAMA, 305, 2295-2303.

Dang, D., & Rao, R. (2016). Calcium-ATPases: Gene disorders and dysregulation
in cancer. Biochimica et Biophysica Acta, 1863(6), 1344-1350.

88 Regul. Mech. Biosyst., 9(1)


http://doi.org/10.2174/187152008785914734
http://doi.org/10.2174/187152008785914734
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1001/jama.2011.766
http://doi.org/10.1016/j.bbamcr.2015.11.016
http://doi.org/10.1016/j.bbamcr.2015.11.016

Davtian, T. K., & Avanesian, L. A. (2001). O vzaimosvjazi imunnogo i adaptive-
nogo otveta [An the interconnection of the immune and adaptive response].
Successes in Modern Biology, 121(3), 275-286.

Fafula, R. V., Lychkovska, N. E., Yefremova, U. P., & Vorobets, Z. D. (2011).
Enzumaticheskaya aktivnost Ca?*-transportiryushchey Mg?-zavisimoy
ATFazy limfocitov perifericheskoy krovi pacientov s revmaticheskim
artritom [Enzymatic activity of Ca*-transporting Mg?-dependent ATPase of
peripheral blood lymphocytes in patients with rheumatoid arthritis]. Medical
Chemistry, 13(4), 6972 (in Ukrainian).

Feske, S. (2007). Calcium signalling in lymphocyte activation and disease. Nature
Reviews Immunology, 7, 690-702.

Gzhegotsky, M. R., Fedorenko, V. 1., & Shtabsky, B. M. (2008). Ocherki profilak-
ticheskoi medicinu [Essays of prophylactic medicine]. Medicine and Law,
Lviv (in Ukrainian).

Knutson, K. L., Karyampudi, L., Lamichhane, P., & Preston, C. (2015). Targeted im-
mune therapy of ovarian cancer. Cancer and Metastasis Reviews, 34(1), 53-74.

Krishnan, V., Berek, J. S., & Dorigo, O. (2017). Immunotherapy in ovarian cancer.
Current Problems in Cancer, 41(1), 48-63.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein
measurement with the folin phenolreagent. The Journal of Biological
Chemistry, 193, 265-275.

Lukianova, N. Y., Yurchenko, O. V., Svincickyi, V. S., & Chehun, V. F. (2006). Pro-
gnosticheskie markeru dlya pacuentov s rakom yaichnika [Prognostic mar-
kers for patients with ovarian cancer]. Onkologia, 3, 241-244 (in Ukrainian).

Markman, M., Webster, K., Zanotti, K., Peterson, G., Kulp, B., & Belinson, J.
(2004). Examples of the marked variability in the relationship between the
serum CA-125 antigen level and cancer-related symptoms in ovarian cancer.
Gynecologic Oncology, 93(3), 715-717.

Mishell, B. B. (1980). Selected methods in cellular immunology. W. H. Freeman
and Company, San Francisco.

Monteith, G. R., McAndrew, D., Faddy, H. M., & Roberts-Thomson, S. J. (2007).
Calcium and cancer: Targeting Ca®" transport. Nature Reviews Cancer, 7,
519-530.

Monteith, G. R., Davis, F. M., & Roberts-Thomson, S. J. (2012). Calcium chan-
nels and pumps: Changes and concequences. The Journal of Biological
Chemistry, 287(38), 31666-31673.

Monteith, G. R., Prevaskaya, N., & Roberts-Thomson, S. J. (2017). The calcium-
cancer signalling nexus. Nature Reviews Cancer, 17, 367-380.

Padanyi, R., Paszty, K., Hegedus, L., Varga, K., Papp, B., Penniston, J. T., & Eny-
edi, A. (2016). Multifaceted plasma membrane Ca? pumps: From structure
to intracellular Ca** handling and cancer. Biochimica et Biophysica Acta,
1863(6), 1351-1363.

Papp, B., Brouland, J.-P., Arbabian, A., Gélébart, P., Kovéacs, T., Bobe, R., Enouf, J.,
Varin-Blank, N., & Apati, A. (2012) Endoplasmic reticulum calcium pumps
and cancer cell differentiation. Biomolecules, 2(1), 165-186.

Paryzhak, S. Y., Yakubets, O. I., & Vorobets, Z. D. (2014). Markers and regulato-
ry mechanisms in ovarian carcinoma. The Ukrainian Biochemical Journal,
86(4), 36-50.

Peters, A. A., Milevskiy, M. J., Lee, W. C,, Curry, M. C., Smart, C. E., Saunus,
J. M., Reid, L., da Silva, L., Marcial, D. L., Dray, E., Brown, M. A., Lakhani,
S. R., Roberts-Thomson, S. J., & Monteith, G. R. (2016). The calcium pump
plasma membrane Ca?-ATPase 2 (PMCA?2) regulates breast cancer cellpro-
liferation and sensitivity to doxorubicin. Scientific Reports, 6, 25505-25517.

Pidkovka, N. O., Vorobets, Z. D., & Zimenkovskyi, A. B. (2002). Issledovanie
svoistv nekotoruh ATFaz v limfocutah cheloveka [Investigation of the pro-
perties of some ATPases in human lymphocytes]. Experimental and Clinical
Physiology and Biochemistry, 7(1), 38-41 (in Ukrainian).

Pinto, M. C., Kihara, A. H., Goulart, V. A,, Tonelli, F. M., Gomes, K. N., Ulrich,
H., & Resende, R. R. (2015). Calcium signaling and cell proliferation. Cellu-
lar Signaling, 27(11), 2139-2149.

Radchenko, O. M. (2004). Problema opredeleniya sostoyaniya zdorovya s tochki
zreniya teorii adaptivnuh reakcyi [The problem of determining the state of
health in terms of the theory of adaptive reactions]. Medical Case, 7, 92-94
(in Ukrainian).

Vorobets, Z., & Kimakovich, O. (2006). Effect of proton pump blocker on enzy-
me activity of glutathione antioxidant system of the peripheral blood lympho-
cytes. Annales Universitatis Mariae-Sklodowska, 19(1), 131-134.

Vovchuk, I. L. (2014). Diagnosticheskoe i prognosticheskoe znachenie opredele-
niya onkofetal’nogo antigena CA-125 pri opuholevom processe v yaichni-
kah [Diagnostic and prognostic value of definition of the oncofetalic antigen
CA-125 at tumoral process in ovaries]. Odesa National University Herald.
Biology, 19(34), 19-32 (in Ukrainian).

Yakubets, O. I., Vorobets, D. Z., Vorobets, Z. D., & Gzhegotskyi, M. R. (2016).
Antioksidantnoe sostoyanie limfocitov krovi prakticheski zdorovyh zhen-
shchin raznyh vozrastnyh grup i bol’nyh rakom yaichnika [Blood lymphocy-
tes antioxidant state in different age groups of practically healthy women and
patients with ovarian cancer]. Bulletin of Biology and Medicine Problems,
127(2), 132-135 (in Ukrainian).

Yakubets, O. I., Vorobets, D. Z., Vorobets, Z. D., & Gzhegotskyi, M. R. (2016).
Koncentracyja antigena CA-125 u prakticheski zdorovyh zhenshchin raznyh
vozrastnyh grup i na raznyh stadijah razvitija zlokachestvennoy neoplasti-
cheskoy transformaciji yaichnika [CA-125 antigen concentration in healthy
women of different age groups and at different stages of the ovary malignant
neoplastic transformation development]. Experimental and Clinical Physio-
logy and Biochemistry, 74(2), 53-58.

Regul. Mech. Biosyst., 9(1) 89


http://doi.org/10.1038/nri2152
http://doi.org/10.1038/nri2152
http://doi.org/10.1007/s10555-014-9540-2
http://doi.org/10.1007/s10555-014-9540-2
http://doi.org/10.1016/j.currproblcancer.2016.11.003
http://doi.org/10.1016/j.currproblcancer.2016.11.003
http://doi.org/10.1016/j.ygyno.2004.03.003
http://doi.org/10.1016/j.ygyno.2004.03.003
http://doi.org/10.1016/j.ygyno.2004.03.003
http://doi.org/10.1016/j.ygyno.2004.03.003
http://doi.org/10.1038/nrc2171
http://doi.org/10.1038/nrc2171
http://doi.org/10.1038/nrc2171
http://doi.org/10.1038/nrc.2017.18
http://doi.org/10.1038/nrc.2017.18
http://doi.org/10.1016/j.bbamcr.2015.12.011
http://doi.org/10.1016/j.bbamcr.2015.12.011
http://doi.org/10.1016/j.bbamcr.2015.12.011
http://doi.org/10.1016/j.bbamcr.2015.12.011
http://doi.org/10.3390/biom2010165
http://doi.org/10.3390/biom2010165
http://doi.org/10.3390/biom2010165
http://doi.org/10.15407/ubj86.04.036
http://doi.org/10.15407/ubj86.04.036
http://doi.org/10.15407/ubj86.04.036
http://doi.org/10.1038/srep25505
http://doi.org/10.1038/srep25505
http://doi.org/10.1038/srep25505
http://doi.org/10.1038/srep25505
http://doi.org/10.1038/srep25505
http://doi.org/10.1016/j.cellsig.2015.08.006
http://doi.org/10.1016/j.cellsig.2015.08.006
http://doi.org/10.1016/j.cellsig.2015.08.006
http://doi.org/10.25040/ecpb2016.02.053
http://doi.org/10.25040/ecpb2016.02.053
http://doi.org/10.25040/ecpb2016.02.053
http://doi.org/10.25040/ecpb2016.02.053
http://doi.org/10.25040/ecpb2016.02.053
http://doi.org/10.25040/ecpb2016.02.053
http://doi.org/10.25040/ecpb2016.02.053

