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ADAPTOR PROTEIN RUK/CIN85 REGULATES REDOX
BALANCE IN 4T1 MOUSE BREAST CANCER CELLS EXPOSED
TO PLASMIN(OGEN)
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Background: Cell surface plasmin is involved in tumor growth and metastatic dissemination by regulating cancer cells adhesion,
migration and invasion. Plasmin-induced cell detachment is accompanied by an increased rate of reactive oxygen species (ROS)
generation and cell death. However, cancer cells acquire the ability to develop adaptive mechanisms to resist ROS-mediated apoptosis.
Aim: To establish the role of adaptor protein Ruk/CINS8S5 in the control of viability and redox balance in breast adenocarcinoma
cells exposed to plasmin(ogen). Materials and Methods: Mouse 4T1 cells with the stable overexpression of adaptor protein Ruk/
CINSS (RukUp subline) and corresponding control (Mock subline) were treated with Glu-plasminogen (1—100 nM). Plasminogen
to plasmin conversion was monitored spectrophotometrically by cleavage of the specific chromogenic substrate S2251. Specific uPA
inhibitor BC11 was used to verify the uPA-mediated mechanism of plasminogen pericellular activation by 4T1 cells. Cell survival
rate was assessed by MTT-test and cell proliferation was estimated by colony formation assay. Enzymatic activities of catalase,
glutathione peroxidase, superoxide dismutase, as well as hydrogen peroxide (H,0,) levels were measured by spectrophotomertric
and fluorometric assays. The intracellular ROS generation was monitored by flow cytometry using H,DCF-DA fluorescent probe.
Results: Plasminogen was shown to be converted into an active proteinase plasmin on the surface of carcinoma cells in uPA-de-
pendent manner. Plasmin(ogen) suppressed proliferation and affected survival of both studied 4T1 sublines. However, RukUp cells
displayed higher resistance to plasmin(ogen)-induced cytotoxicity than Mock cells. Plasmin(ogen) promoted significant elevation
in ROS generation rate in cells with the basal level of Ruk/CIN85 expression. In contrast, RukUp cells appear to be more effective
in counteracting prooxidant changes due to the activation of some enzymes of the glutathione system, in particular glutathione
peroxidase, and a concomitant decrease of H,0, accumulation. Conclusion: Adaptor protein Ruk/CINSS5 is involved in the regu-
lation of redox homeostasis in cancer cells to maintain levels of ROS, thus promoting redox adaptation in cancer cells exposed
to plasmin(ogen). Thus, Ruk/CIN85 may represent one of the relevant targets in order to diminish the resistance of cancer cells
to ROS-mediated apoptosis.

Key Words: breast cancer, adenocarcinoma 4T1 cells, plasminogen/plasmin, Ruk/CIN85, reactive oxygen species (ROS),
glutathione-related enzyme system.
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Proteins of plasminogen (Pg)/plasmin system for the development of new anticancer drugs to pre-
play crucial roles in the control of tumor-associated vent tumor metastasis.
processes including cell proliferation, apoptosis, The mechanisms involved in the regulation of re-
survival, metabolic and morphological plasticity, adhe- ~ dox balance in cancer cells are an integral part of the
sion, and migration [1]. Plasmin (EC 3.4.21.7), which signaling networks that control the cell cycle, prolif-
is abundantly converted from its zymogen Pg on the eration, and migration. Compared with normal cells,
surface of cancer cells, contributes to the invasive ~Cancer cells produced increased levels of reactive
and metastatic capacities of these cells [2]. It is well oxygen species (ROS) that are FeCOQ”'Zed as kgy
documented that plasmin-mediated cell detachment second mes§engers to drive prqllferatlon, metabo!lc
induces apoptosis/anoikis in normal cells [3]. How- reprogramming, autophggy, resistance to apoptogs,
. and other events required for tumor progression.
ever, mgny types of cancer C.el.ls develop.specmc On the other hand, excessive generation of ROS
mechanisms to abrogate anoikis and survive after

i ) i ) i can increase oxidative stress and induce cancer cell
losing adhesive contacts, which contribute to their o5t [5]. Plasmin can influence intracellular ROS

invasiveness and metastasis [4]. Therefore, the study  |gyels by stimulating protease-activated receptors
of the molecular mechanisms that ensure the survival (PARs) and activating prooxidative processes in de-
of cancer cells during plasmin exposure is necessary  tached cells through interrupting integrin-mediated
signaling [6, 7]. In this case, activation of antioxidant
Submitted: October 20, 2021-. defense systems, including glutathione-related en-
*Correspondence: E-mail: artem_tykhomyrov@ukr.net zyme system, can maintain ROS at a necessary level
Abbreviations used: CAT — catalase; FBS — fetal bovine serum; : ] o . :

. . . A - to sustain protumorigenic signaling pathways without
GPx — glutathione peroxidase; H,DCF-DA — 2", 7 -dichlorodihydro- inducing cancer cell death [8]. Previous studies impli-

fluorescein diacetate; NADPH — nicotinamide adenine dinucleo- ’ . . )
tide phosphate; PAR — protease-activated receptor; Pg — plas- cated a tight relationship between ROS production and

minogen; ROS — reactive oxygen species; Ruk/CIN85 — regulator fche expression of urokir?ase-_type Pg activator_(uPA)
for ubiquitous kinase/Cbl-interacting protein of 85K; SOD — su- in the control of tumor invasion and metastasis [9].
peroxide dismutase; uPA — urokinase-type plasminogen activator. Nevertheless, the molecular participants, which gov-
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ern redox balance during plasmin-induced oxidative
stress in cancer cells, are still poorly studied. Regu-
lator for ubiquitous kinase/Cbl-interacting protein
of 85K (Ruk/CIN85), UniProtkB Q96B97 (human),
Q8R550 (mouse) is an adaptor/scaffolding protein
encoded by SH3KBP1 gene. It regulates diverse sig-
nal transduction to be involved in several important
cellular processes, including regulation of activated
receptor tyrosine kinases, modulation of cytoskel-
etal rearrangements, vesicle-mediated transport,
epithelial-mesenchymal transition, cell adhesion and
migration, programmed cell death [10, 11]. Our pre-
vious findings demonstrated that an enhanced level
of Ruk/CIN85 contributes to breast cancer cells malig-
nancy [12]. Also, Ruk/CIN85 has been shown to affect
redox balance of adenocarcinoma cell lines [13, 14].
Despite this, the exact functions of Ruk/CIN85 in the
regulation of redox balance in cancer cells remain
largely elusive. Thus, the aim of the present study was
to investigate the role of Ruk/CIN85 in the regulation
of redox balance in mouse breast adenocarcinoma
4T1 cells exposed to plasmin(ogen).

MATERIALS AND METHODS

Cell culture. Mouse breast adenocarcinoma
4T1 cells with stable overexpression of full-length
isoform of Ruk/CIN85 (RukUp subline) and cor-
responding control subline (Mock) were generated
using calcium-phosphate transfection of parental
cells with a plasmid encoding the full-length isoform
of Ruk/CIN85 or with an empty vector as described
earlier [15]. Cells were cultured under standard
conditions in RPMI-1640 medium supplied with 10%
fetal bovine serum (FBS), 2 mM L-glutamine, 100 U/
ml penicillin, 100 pg/ml streptomycin (Gibco). Prior
to treatment with Pg, cells were incubated overnight
in a serum-free medium.

Pg to plasmin conversion. Glu-Pg was purified
from the fresh donor’s blood plasma with the use
of affinity chromatography on Lys-sepharose column
by elution with 0.2 M 6-aminohexanoic acid as de-
scribed earlier [16]. Pg (0.1 uM) was added to the
intact cells or cells pre-incubated for 1 h with the uPA
inhibitor BC11 (1, 10, or 20 uM) grown in a 96-well
plate (5+10%in 0.1 mL per well). Then, chromogenic
substrate S2251 (0.3 mM) was added and mixed. The
absorbance was monitored at 405/492 nm wavelength
for 150 min by microreader Titertek Multiskan MC
(Finland).

Colony formation assay. Cells were seeded onto
a 12-well plate (500 cells per well) in a serum-free me-
dium, treated with 10—-100 nM of Pg for 24 h, and then
cultured for another 12 days in a complete medium.
Then, colonies were fixed with methanol, stained with
crystal violet dye, and counted.

Cell viability assay. Cells viability in the presence
of Pg (10—100 nM) was estimated with the use of MTT-
assay as described previously [17]. Briefly, cells were
seeded onto a 96-well plate (5- 103 cells/well) and
incubated with 10—100 nM of Pg for 24 h at 37 °C. Hav-

ing MTT reagent added (0.4 mg/ml), plates were
incubated at 37 °C for 1 h and centrifuged in a cy-
tospin centrifuge to sediment detached cells. The
formazan crystals formed were dissolved in DMSO
and measured spectrophotometrically at a wavelength
of 570/630 nm with the use of absorbance microplate
reader pQuant (BioTEK).

ROS generation. Pg (1, 10, or 50 nM) was added
to 4T1 cells (5 - 10%in each sample) resuspended
in FBS-free DMEM. After that, the cells were imme-
diately loaded with 2’,7-dichlorodihydrofluorescein
diacetate (H,DCF-DA) (12.5 uM) and incubated for
1 h at 37 °C in the dark chamber. Then, the cells were
diluted with 5-fold ice-cold PBS and kept on ice until
analyzed. DCF fluorescence was monitored using
a flow cytometer Coulter Epics XL (Beckman Coulter,
USA). The medians of the DCF fluorescence intensity
were obtained from 10,000 cells in each sample us-
ing 480 nm excitation and 540 nm emission settings.
Values of autofluorescence signal from untreated cells
were chosen for threshold value setting. DCF-positive
cell populations were gated separately based on their
side-scatter properties. By using the same settings,
the fluorescent intensity was obtained from each ex-
perimental group. Fluorescent levels were expressed
as the percentage increase over the control. The
results were analyzed and presented with the use of
“FCS Express V3” software (De Novo Software, USA).

Enzymatic activities and H,0, levels. In order
to evaluate activities of antioxidant enzymes, includ-
ing catalase (CAT, EC 1.11.1.6), glutathione peroxi-
dase (GPx, EC 1.11.1.9), Cu,Zn- and Mn-superoxide
dismutase (Zn,Cu- and Mn-SOD, EC 1.15.1.1),
as well as levels of total protein and H,0,, cell cyto-
plasmic extracts were obtained from cultured cells
of 70-80% confluence. The extraction was carried
out as described elsewhere [14]. The hypotonic
buffer (0.4% NP-40, 10 mM 4-(2-hydroxyethyl)-1-pi-
perazineethanesulfonic acid, pH 7.9, 1.5 mM MgCl,,
10 mM KCI, 1 mM NazVO,, 5 mM benzamidine,
1 mM phenylmethylsulfonyl fluoride, 10 ug/mL apro-
tinin, 10 ug/mL of leupeptin, and 1 pg/mL pep-
statin) was used for the procedure. The Pierce BCA
assay was used to assess total protein yields
in the cell lysates. Levels of H,O, and activities
of CAT, GPx, and SOD were measured with the use
of spectrophotometric and fluorometric assays ac-
cording to the procedures described in [14] in details.

Statistical analysis. Results are representa-
tive of at least three independent experiments and
presented as Mean * standard error of mean. The
significance of intergroup differences was estimated
by the analysis of variance (ANOVA) followed by Bon-
ferroni or Fisher post-hoc tests. The difference was
considered significant at P < 0.05.

RESULTS AND DISCUSSION

Pg to plasmin conversion by 4T1 cells was shown
even in the absence of exogenous activators, though
cells with an increased level of Ruk/CIN85 expression
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did not differ significantly from the control
cell line in the parameters of zymogen
activation (Fig. 1).

Moreover, inhibitory analysis with
the use of BC11 demonstrated dose-
dependent suppression of S2251 cleav-
age, indicating uPA to be the main acti-
vator of Pg conversion. These data are
in agreement with the earlier reports that
describe enhanced expression of uPA
and its receptor uPAR in breast cancers
cells that is critical for tissue remodeling
and cell migration in the course of breast
tumors progression and their metastatic
dissemination and is associated with poor
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prognosis [18, 19].

The effects of plasmin(ogen) on the
colony-forming ability of 4T1 cellswas an-
alyzed by colony formation assay. As seen
from the graph, presented in Fig. 2, a,
Pg in the range of 10—-100 nM inhibited
clonogenic potential of Mock cells more significantly
than RukUp cells, having maximal inhibitory effect
at 50 nM (p < 0.05).

This observation indicates that RukUp cells are
more resistant to plasmin(ogen)-induced cytotoxicity
compared to Mock cells. In addition, the shape of colo-
nies differed between sublines: in contrast to Mock
cells that formed dense round colonies, RukUp cells
formed loose colonies with uneven shape character-
istic for more malignant cells (Fig. 2, b—c).

The results of the colony formation assay were
confirmed by MTT test that showed a dramatic
impact of plasmin(ogen) on 4T1 sublines viability
(Fig. 2, d). It was observed that treatment with Pg
(25-100 nM) for 24 h significantly reduced the rate
of cell survival up to 50% compared to untreated cells
(Fig. 2). For example, 50 and 100 nM of Pg caused
1.55- and 1.91-fold decrease in viability of 4T1 Mock
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Fig. 1. Urokinase (uPA) inhibitor BC11 differentially affects plasminogen acti-
vation rate in 4T1 cells in dependence on Ruk/CIN85 expression: 1 — cells +
Pg; 2 —cells+Pg+ 1 uM BC11; 3 — cells + Pg + 10 yM BC11; 4 — cells + Pg +
20 M BC11; 5 — Pg + S2251; 6 — cells + BC11

cells (p < 0.05 compared to intact cells), respectively.
However, cells with Ruk/CIN85 overexpression ex-
posedto 50 and 100 nM of Pg demonstrated 1.43- and
1.63-fold decrease in viability, thus being less sensitive
to plasmin(ogen)-induced cytotoxicity.

ROS levels were measured using the fluorescent
probe, H,DCF-DA, which is currently applied in flow
cytometry analysis for direct and reliable relative
quantification of intracellular ROS. After cytosolic
hydrolysis, H,DCF-DA can be oxidized into 2°,7'-
dichlorofluorescein (DCF), which fluoresces at 520 nm.
One of the main advantages of this technique is that
it enables the rapid detection of ROS, so that even
short-lived oxidative imbalance can be measured [20].
Plasmin(ogen) exposure promoted significant en-
hancement of ROS generation in 4T1 cells with
a basal level of Ruk/CIN85 expression, having the
peak of ROS production (approximately 2.5-fold
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Fig. 2. 4T1 cells with Ruk/CIN85 overexpression are more resistant to plasmin(ogen) action: a — colonies number; b — representa-
tive images of crystal violet-stained colonies; ¢ — representative microphotographs of the colonies; d — cells viability (MTT-assay).
*p < 0.05 compared to untreated cells, *p < 0.05 compared to Mock treated with equal Pg concentration, n = 4-6
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test): a — the effect of plasmin(ogen) on ROS generationin 4T1 Mock subline, typical graphs; b — the effect of plasmin(ogen) on ROS
generation in 4T1 RukUp subline, typical graphs; ¢ — ROS production, relative units. *p < 0.05 compared to untreated cells, n =3

increase as compared to untreated cells, P < 0.05)
in the case of 10 nM zymogen concentration (Fig. 3,
a, c).Incontrast, 4T1 Ruk/CIN85 overexpressing cells
were able to maintain the ROS level unchanged during
plasmin(ogen) exposure (Fig. 3, b, c¢).

It is known that cancer cells tend to have en-
hanced rates of ROS generation due to aberrant
metabolism that contributes to tumor progression
and metastasis, while abnormally high ROS levels
may lead to apoptosis [21]. Plasmin has been de-
scribed to induce ROS overproduction in diverse
normal and malignant cells via activating PARs that
are critical for both ERK1/2- and p38 MAPK-mediated
mitochondrial ROS generation, as well as stimulating
PAR-1/nicotinamide adenine dinucleotide phosphate

(NADPH) oxidase/ROS pathway [7, 22]. Besides, aro-
bust increase in ROS generation may occur as a con-
sequence of defective glucose uptake, diminished
pentose phosphate pathway flux, reduced cellular
ATP levels caused by detachment from ECM. Thus,
oxidative burstin detached cells leads to catastrophic
metabolic deviations that impact cell viability [23].
Itisimportant to note thatintensities of plasmin(ogen)-
induced ROS generation in 4T1 cells are inversely
correlated with cell survival rate suggesting that
disrupted redox homeostasis could be a major cause
of apoptosis/anoikis.

Upon flow cytometric analysis of DCF staining,
we found that plasmin(ogen) induced redistribution
of cells into the upper right quadrant that corresponds
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Fig. 4. Plasmin(ogen) differentially affects redox balance in 4T1 cells depending on Ruk/CIN85 expression levels: a — SOD activ-
ity; b — CAT activity; c — Gpx activity; d — H,0, content. *p < 0.05 compared to Mock cells exposed to the same Pg concentration;
#p < 0.05 compared to untreated cells; ®p < 0.05 compared to RukUp 1 nM Pg; ép < 0.05 in comparison to Mock 1 nM Pg, n=4

to the population of highly granulated cells with the
increased ROS producing capacity (depicted as dot-
plots in Fig. 3, a, b). It is important to note that the
number of highly granulated RukUp cells was ~6-fold
higher than that of Mock cells. It obviously means that
plasmin(ogen) exposure results in an increased rate
of vesicle formation in cells with Ruk/CIN85 overex-
pression, but notin cells with basal levels of this adap-
tor protein. Among all intracellular vesicles, autopha-
gosomes may greatly contribute to elevation of cell
granularity. In our recent study, we have demonstrated
that Pg treatmentinduced autophagosomes formation
and promoted autophagy flux in lung adenocarcinoma
cell line A549 [24]. It has been assumed that autoph-
agy activation might serve as one of the factors of cell
resistance against plasmin-induced apoptosis/anoi-
kis. Punctate localization pattern of both endogenous
and exogenous Ruk/CIN85 characteristic for proteins
involved in membrane trafficking was demonstrated
in a number of previous publications. Specifically,
Ruk/CIN85 was found to be associated with a subset
of COPI-coated vesicles of the Golgi complex [25].
In MCF-7 cells, GFP-Ruk/CIN85 is localized and
concentrated in the perinuclear region and in rounded
juxtamembrane structures, which were clathrin-
positive [26], while in MCF-7 and HEK293 cells tran-
siently transfected with plasmid encoding fusion Ruk/
CIN85 with a sensor of H,O,, Hyper, the positive signal
was detected in dot-like vesicular structures of differ-
ent size and localization [27]. It was also shown that
in COS-7 cells Ruk/CIN85 was located on the edges
of some dark circular areas, part of which was filled
with endocytic EGF [28].

To further confirm that enhanced expression
of Ruk/CIN85 contributes to the reduction in ROS
level in plasmin(ogen)-treated cells, we measured
activities of some enzymes of the glutathione-re-

lated system and evaluated H,0, levels after treat-
ment of both 4T1 Mock and 4T1 RukUp cells with
1 nMor 10 nM of Pg for 24 h. We found a strong asso-
ciation of Ruk/CIN85 overexpression with the elevated
activity of antioxidant enzymes. We analyzed activities
of SOD, CAT, and Gpx as well as hydrogen peroxide
(H,0,) content in plasmin(ogen)-exposed 4T1 cells
(Fig. 4). It should be noticed that SOD is involved in su-
peroxide anion elimination, and thereby it is involved
in H,O, production, which is further detoxified by CAT
or Gpx, an enzyme using reduced glutathione as a co-
factor. Finally, glutathione reductase then reduces the
oxidized glutathione using NADPH to complete the
cycle [29].

It was found that treatment of cancer cells with
1 nM of Pg resulted in increased SOD activity by 35%
in Mock cells and by 28% in RukUp cells. However,
10 nM of Pg did not affect SOD activity in 4T1 cells
when compared to untreated cells (Fig. 4, a).

Next, we found that RukUp cells are character-
ized by a 1.6-fold reduction in CAT activity compared
to Mock cells. Moreover, studied cells sublines
responded differently to Pg treatment: CAT activity
in Mock cells was not changed significantly in compari-
son with intact cells, while CAT activity in RukUp cells
treated with 1 nM of Pg was increased significantly
compared to both untreated cells (2.2-fold) and Mock
cells treated with the same Pg concentration. Surpris-
ingly, treatment of RukUp cells with 10 nM of Pg re-
sulted in a slight decrease in CAT activity (Fig. 4, b).
In turn, analysis of Gpx activities revealed no effect
of Pg on Mock cells, but in Pg-treated RukUp cells
Gpx activity was significantly increased in comparison
with untreated cells (by 76% and 55% for 1 nM and
10 nM of Pg, respectively) and with Mock cells ex-
posed to the same concentration of Pg (Fig. 4, c).
Thus, itis highlighted that both CAT and Gpx are effec-
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tively involved in the elimination of excessive amounts
of H,0, in 4T1 RukUp cells exposed to plasmin(ogen).
Finally, itwas demonstrated that Pg exposure induced
approximately 1.5-fold elevation of H,O, in Mock
cells compared to the intact cells (p < 0.05), while
any notable accumulation of H,O, was not observed
in RukUp cells, likely, due to increased CAT and Gpx
activities (Fig. 4, d).

ROS signaling is used by cancer cells to drive
proliferation, metabolic reprogramming, resistance
to apoptosis and other events required for tumor pro-
gression, while amplifying oxidative stress can induce
cell death. The overproduction of ROS in cancer cells
is counterbalanced by a high rate of ROS scavenging
that is very important to elicit prosurvival signaling
in detached cancer cells [30]. It has been previously
shown that the lack of glucose uptake in the detached
cells blocks both glycolysis and the pentose phos-
phate pathway. One of the metabolic functions of the
pentose phosphate pathway is to produce NADPH,
a crucial cellular reducing agent, which is necessary
to provide reduced glutathione for enzymatic ROS
quenching by Gpx [29]. We have recently shown that
lung adenocarcinoma cells overexpressed a regulatory
protein TIGAR (TP53-inducible glycolysis and apop-
tosis regulator) in the response to Pg exposure [24].
TIGAR is considered as a pro-tumorigenic regulator
playing an active role in many cancers to facilitate tu-
mor progression by decreasing the levels of ROS [31].
Having the fructose-2,6-bisphosphatase activity,
TIGAR decreases the rate of glycolysis and, in turn,
increases the activity of the pentose phosphate path-
way. This promotes cells to generate more amounts
of NADPH, which is used for the reduction of oxidized
glutathione necessary for ROS scavenging and
various anabolic processes [32]. Enhanced TIGAR
expression may, at least partially, explain an increase
in Gpx enzymatic activity in 4T1 RukUp cells exposed
to plasmin(ogen). Apart from protecting cells against
ROS-induced apoptosis, TIGAR is involved in support-
ing migration machinery of cancer cells, thus referred
to as “motogenic protein” [33, 34]. If TIGAR expres-
sion has fallen under the control of Ruk/CIN85 needs
to be explored, though the described results clearly
indicate that adaptor protein Ruk/CIN85 modulates
the activity of antioxidant cellular defence, in particular,
enzymes of glutathione-related system.

It has been widely reported that adaptor protein
Ruk/CIN85 is involved in the control of redox balance
in breast cancer cells [13, 14]. Ruk/CIN85 is able toin-
teract with Tks4, an organizing subunit of NADPH oxi-
dase complex 1, and therefore it may be involved in the
control of ROS generation [35]. Our previous studies
have revealed that overexpression of Ruk/CIN85 is as-
sociated with increased ROS production in breast
and colon cancer cells [27, 36]. However, our recent
research has demonstrated that 4T1 RukUp cells were
characterized by an increase of H,O, up to 0.8 uM,
a concentration that was probably involved in the initia-
tion of cellular signaling [14]. Additionally, it was found

that Ruk/CIN85 overexpression in breast cancer cells
is strongly associated with increased motility, invasive-
ness, and drug resistance [12, 17, 37]. Lee & Kim [9]
have reported H,0,-induced uPA expressionin human
hepatoma cells. Taken together, it may be speculated
that high levels of Ruk/CIN85 are needed to maintain
optimal H,O, concentration required for pro-invasive
and pro-survival signaling in various cancer cells.

In summary, we obtained novel data that support
the role of adaptor protein Ruk/CIN85 as the main
regulator of redox status in breast cancer cells. In addi-
tion, we found a plausible link between plasmin(ogen)-
induced oxidative stress and activation of the enzymatic
antioxidant system in 4T1 breast adenocarcinoma cells
depending on the levels of Ruk/CIN85 expression. Based
on theresults obtained, we also suggest that the content
of Ruk/CIN85 in cancer cells can be considered as one
of the factors contributing to their acquisition of resis-
tance to ROS-induced apoptosis and, as a result, may
play a decisive role in the survival of cancer cells exposed
to plasmin(ogen). Thus, Ruk/CIN85 may represent one
ofthe relevant molecular targets regulating the resistance
of cancer cells to ROS-mediated apoptosis.
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ABANTEPHUIA NPOTETH RUK/CIN8S5 PEIYJIIOE
PEAOKC-BAJIAHC Y KJTITUHAX PAKY rPYAHOI
3ANI03U MMILUI JTIHIT 4T1

LP. Iopax, H.B. Jlamuwxo, 0.0. Iyokosa, K.O. Toxapuyx,
T.0. Kiwko, O.1. FOcosa, JL.b. JIpo6om, A.O. Tuxomupos

Inemumym 6ioximii imn. O.B. laanadina HAH Ykpainu,
Kuie, Yxpaina

CraH nutaHHs: TINnasmiH, WO YTBOPIOETLCS Ha KNITUHHIN no-
BEPXHi, 3any4a€eTbCA [0 KOHTPOMO MYX/IMHHOMO POCTY Ta
MeTacTadyBaHHA 4Yepes3 perynoBaHHs agresii, mirpauii Ta
iHBa3ii pakoBMX KNITWUH. 3HWXEHHS aAre3vBHOCTI KNiTUH, iH-
[yKOBaHe Ma3MiHOM, CYNpPOBOOXYETbCA MOCUAEHHAM re-
HepyBaHHsi akTMBHUX dopM okcureHy (ADPO) Ta KNiTUHHO
3armbenno. BogHovac gns pakoBuMX KAITUH XapakTepHUM €
HabyTTs MexaHi3miB NpoTuAii anonTody, onocepenKkoBaHOMY
A®O. MeTa: 3’dcyBat ponb agantepHoro npoteiHy Ruk/
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CIN85 y KOHTpOJIi OKMCHO-BIAHOBHOro GanaHcy Ta BMXMBaH-
HS KNITUH afeHOKapLUMHOMW rpyaHOi 3251031 32 YMOBW BMVBY
nnaamiH(oren)y. Martepianu ta metogu: Muvwwiadi KNiTUHW Ni-
Hii 4T1 3i cTabinbHOIO HaJeKCnpeciel aganTepHOro NPoTeiHy
Ruk/CIN85 (cybniHia RukUp) Ta BignoBigHi KOHTPObHI KNiTK-
HW (cyOniHis Mock) kynbTuByBanu 3a HasiBHOCTI NMi1a3MiHOreHy
(1-100 HM). MNepeTBOPEHHS NNa3MiHOreHy Ha nna3mMiH BU3Ha-
yanu CcnekTpodOoTOMETPUYHO 3a LUBMAOKICTIO POSLUEMNIEHHS
cneumndiyHoro xpomoreHHoro cybctpaty S2251. Cneumndiy-
HWiA iHriGiTop uPA BC11 BUKopuUcTOBYBann Ans A0CHIAXKEHHS
uPA-onocepeakoBaHOro MexaHiaMy NepuLentonsapHOi akTu-
BaUji nna3miHoreHy knitnHamu 4T1. PiBeHb BUXMBAHHSA KNITUH
oujiHioBann 3a gonomoroto MTT-TecTy, nponidpepatmBHy ak-
TUBHICTb KNITUH aHanizyBann MeToaomM GOpPMYBaHHS KOJOHIN.
EH3uMaTU4Hi aKTMBHOCTI Katanasw, rnytaTioHnepokcuaasu,
cynepokcnaancMyTasm, a TakoxX PiBHI nepokcuay rigporeqy
(H20,) BumiptoBann GAOOPOMETPUYHO. BHYTPILWHLOKAITUHHE
reHepyBaHHs ADO pocnigxyeBanu 3a AOMOMOrOH NMPOTOKO-
BOI LUMTOMETPII 3 BUKOPUCTAHHAM (yOpPEeCLEHTHOrO 30HAOY
H,DCF-DA. PesynbtaTtn: byno nokasaHo, WO niaa3mMiHOreH
NepeTBOPIOETbCS Ha aKTMBHY MNPOTeiHady naasmiH Ha mno-
BEPXHi afeHOKaPLUMHOMHUX KiTUH Yy UPA-3anexHunin crnocio.
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lMnasmiH(oreH) npurHivyBas nponidepauito Ta BUXUBAHHS
000x gocnioxyBaHuUx cyoniHi knituH. OgHak, knitnHn RukUp
LEeMOHCTpyBann Ginblly PEe3UCTEHTHICTb A0 Mna3MiH(oreH)-
iHOYKOBaHOI LMTOTOKCUYHOCTI Yy MOPIBHAHHI 3 KniTHamu Mock.
[Mna3miH(OreH) CnpuYMHAB 3HAYHE MOCWUIIEHHHA FeHepyBaHHS
A®DO B kniTMHax 3 6asanbHUM piBHeM ekcnpecii Ruk/CIN85.
Ha BigmiHy Big, koHTposo, knituHu RukUp Buasunuca spat-
HUMMK Ginbll €PEKTMBHO MPOTULIATA MPOOKCUAAHTHUM 3Mi-
HaM 4Yepe3 aKTMBALlo OEesKUX €H3UMIB CUCTEMU FyTaTioHy,
rOSIOBHUM YMHOM FAyTaTiIOHNEPOKCMAA3n, Ta 3HUXKEHHS piB-
Ha akymynsuii H,O,. BucHoBkmu: ApantepHuin npoteiH Ruk/
CIN85 3any4yeHunii 0o KOHTPOJIO OKMCHO-BIOHOBHOMO rOMEO-
CTasdy B pPakoBMX KNITMHAX 3aBASKW MiATPUMAHHIO YTBOPEHHS
A®DO Ha piBHi, HeoOXigHOMY Ans aganTauii KNiTUH OO BNAUBY
nnasmiH(oreH)y. Takum 4YMHOM, CKEPOBAHUI BNAVB Ha PiBEHb
ekcnpecii Ruk/CIN85 moxe ©6yTn edeKkTMBHUM Nigxoaom,
CMNPSMOBAHMM Ha 3HWXKEHHSI PE3UCTEHTHOCTI PaKOBUX KIITUH
0o A®O-onocepenKkoBaHOMo anonTo3y.

Knro4oBi cnioBa: pak rpygHoi 3ano3un, ageHoKapuyMHOMHI Kii-
TUHW TPyAHOI 3an03u mMuwi niHii 4T1, nna3mMiHoreH/nnasmiH,
Ruk/CIN85, aktuBHi dopmu okcureHy (APO), eH3nmn cucte-
MW FyTaTiOHy.



