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The aim of this study was to investigate an inhibitory effect of baculovirus-mediated transduction of the murine
interferon-beta gene on mouse melanoma in vitro and in vivo. Methods. Studies were performed on B16 mouse
melanoma (MM-4 cell line). Transduction, immunocytochemical and tumor cell biology approaches have been
used in this study. Results. Transduction of MM-4 cells by the recombinant baculovirus with IFN-beta gene is
accompanied by morphological changes of tumor cells, suppression of cell proliferation, significant inhibition
of platting efficiency of cells and their colonies formation in semisolid agar. Moreover, transduction of melano-
ma MM-4 cells by the baculovirus IFN-transgene leads to inhibition of tumorigenicity and metastatic ability of
the cells in vivo. The intravenous administration of recombinant baculovirus vector with IFN gene inhibits growth
of metastases induced in the lungs of mice by intravenously injected tumor cells. Conclusions. Transduction of
mouse melanoma cells by the recombinant baculovirus with murine IFN-beta gene inhibits their proliferative po-

tential, tumorigenicity and metastatic activity.
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Introduction. Interferon (IFN) as a direct antitumor fac-
tor or as a part of complex cancer treatment aimed at re-
ducing the risk of metastatic process and improving the
quality of life of cancer patients is sufficiently substan-
tiated by experimental and clinical studies [1]. It is
known that IFN binding to surface cell receptors leads
to activation of intracellular signaling cascades follow-
ed by synthesis of [FN-induced proteins. It provides ma-
ny anticancer effects which can be grouped into three
main sets — antiproliferative, immunomodulating and an-
tiangiogenic. At this time, many of the [FN-activated cel-
lular genes are classified as tumor suppressor genes [2].
Regarding clinical efficacy of IFN it should be no-
ted that its use in monotherapy of the patients with solid
tumors, in some cases was not quite efficient. This is
due to the fact that the bulk of the tumor and high rate of
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its growth do not leave enough time for manifestation of
the entire spectrum of antitumor properties of IFN, and
its growth-inhibitory effect can be realized only under
conditions of high local concentrations of cytokines in
the tumor and/or high sensitivity of tumor cells to the
action of IFN [3]. However, the corresponding concent-
ration of IFN protein in tumors is not always possible to
create by parenteral administration because of its rapid
clearance and high systemic toxicity [4]. Gene therapy
for cancer treatment based on the use of genetic structu-
res with [FN gene is a new approach that allows crea-
ting a sufficiently high constant concentration of cytoki-
ne in the tumor. The transduction of only 1 % of tumor
cells with IFN gene was found to lead actually to the in-
hibition of tumor growth and tumor angiogenesis due
to a high local production of IFN [5].

At this time, the gene therapy used different viral
vector systems: based on adeno-, lenti- and retroviru-
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ses, herpes virus group and others. All these systems ha-
ve limitations and drawbacks [6]. Interest to baculoviru-
ses as potential vectors of recombinant molecules is due
to their ability to provide genetic transduction elements
of significant size in mammalian cells and to control their
expression and synthesis of large quantities of recombi-
nant proteins [7].

A significant advantage of the recombinant baculo-
virus system is the lack of replication of the virus and a
low level of synthesis of viral proteins in mammalian
cells, as well as low cytopathogenic effect of baculovi-
rus in these cells [8].

Therefore, it was logical to use such vector system
to determine IFN production in tumor cells and to study
the changes of biological characteristics of the mouse
melanoma cells transduced by the recombinant baculo-
virus without IFN gene (rBV) and recombinant baculo-
virus with mouse inf-p gene (rBV/IFN).

Materials and methods. Recombinant baculovirus
vectors were kindly provided by Dr. L. I. Strokovska (In-
stitute of Molecular Biology and Genetics, NAS of Uk-
raine). Recombinant baculovirus vectors were based on
nuclear polyhedrosis virus Autographa californica (Ac)
and obtained using baculovirus expression system Bac-
to-Bac («Invitrogen», USA): tBV/IFN (5 - 10° pfu/ml)
and as a control — rBV (2,5 - 10° pfu/ml).

inf§ genes were under the control of strong CAG
promoter cassette [9, 10].

Cells of mouse melanoma B16 (cell line MM-4)
[11, 12] and 929 cells were provided by Bank of Cell
Line of R. E. Kavetsky Institute of Experimental Pa-
thology, Oncology and Radiobiology, NAS of Ukraine
(IEPOR) and maintained in plastic flask («TPP», Italy)
in DMEM 4 mmol/l L-glutamine («Sigmay», USA) with
10 % newborn calf serum (NCS) («Sigma») and 40
mg/ml gentamicin («Sigmay). The cells were incuba-
ted at temperature 37 °C in a humidified atmosphere
with 5 % CO,.

Transduction of cells was performed at multiplicity
of infection (MOI) of rBV and rBV/IFN (MOI =num-
ber of pfu rBV and rBV/IFN per cell) 100 and 200.

The cells of MM-4 in RPMI-1640 medium were mi-
xed in PBS with the virus in a 1:1 ratio for 2 h at room
temperature and then with adding a complete culture
medium the cells were incubated 24-96 h at 37 °C and
5% CO,.
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The serum of experimental animals and the culture
medium of MM-4 cells transduced with rBV and rBV/
IFN were stored at —20 °C. The titer of mouse IFN-beta
was determined by standard micromethod on antiviral
activity. 1929 cells and vesicular stomatitis virus (VSV)
were used as a test-system [13].

The IFN titer was expressed in international units
(IU). Mouse IFN-beta Cat. N 19032 («Sigma») was used
as a standard.

Proliferative potential and synthesis of recombinant
murine IFN-beta of melanoma cells transduced with rBV
and rBV/IFN were determined by immunocytochemical
evaluation of the cells expressing Ki-67 protein (marker
of DNA replication) and IFN-beta protein. Immediately
after transduction, the cells were planted on the coverslip
slides and 20—48 h later an analysis was conducted by
the standard method [14] using monoclonal antibodies
against Ki-67 or against mouse IFN-beta («Thermo Sci-
entificy, USA). To visualize the reaction of antigen/an-
tibody the Ultra Vision LPValue Detection system
(«Thermo Scientific») was used. As a chromogen was
used DAB Quanto (3,3-diaminobenzidin) («Thermo
Scientificy).

To determine the platting efficiency on the substra-
te, the MM-4 cells (24 h after transduction) were plated
in paired wells of 6-well plates («TPP») at a density of
200 cells per well in the complete growth medium
(DMEM with 10 % NCS and 40 mg/ml gentamicin)
and incubated at 37 °C in 5 % CO,. After 14 days the
colonies of the cells were stained with the crystal violet
dye («Sigma») [15]. The number of colonies and their
size were determined in each well using binocular mag-
nifier BM-51-2 («LOMO», Russian Federation).

The colony-forming ability of MM-4 cells in semi-
solid agar was estimated in 0.33 % agar («Difco», USA)
in DMEM plus 10 % NCS in vitro [ 16]. The plates were
incubated for 14 days in a humid atmosphere at 37 °C in
the presence of 5 % CO,, then the number and the size
of colonies were determined in each well using binocu-
lar magnifier BM-51-2 («kLOMOW). The size of colony
was defined as small (1020 cells), middle (21-50 cells)
and large (more than 50 cells) [17].

Morphology of live MM-4 cells culture was analy-
zed by inverted microscope Axiovert 25 («Carl Zeissy,
Germany) equipped with digital camera («Canon Power
Shot A640», UK) in 100-320 times magnification.
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IFN-beta production and proliferatve ativity of MM-4 cells transduced with different types of recombinant baculovirus

Virus MO, pfu/cell Titer IFN-beta, IU/ml Living cells, % Ki-67-positive cells, %
Control - 100.0 96 +1.5

BV 100 73.0 + 3.8%* 95.7+1.2
rBV/IFN 100 5000 36.5+£3.2% 39.2 £ 8.3%#*
rBV/IFN 200 10000 25.3 +£2.4%%* Not determined

Note. *p <0.005; **p <0.01; ***p < 0.001 compared to control.

Tumorigenic and metastatic properties of MM-4
cell line transduced with rBV and rBV/IFN were deter-
mined in the experiments in vivo using C57BL/6 mice
aged 7-8 weeks and weight of 20-22 g in wiring viva-
rium of R. E. Kavetsky [IEPOR NAS of Ukraine. The mi-
ce were kept under standard conditions with granulated
feed and water ad labidum. The animals were euthani-
zed using either anesthesia. The MM-4 cells transduced
with rBV and rBV/IFN at MOI 100 pfu/cell were used
for experiments in vivo.

The suspensions of control and transduced MM-4
cells (at a dose 2 - 10° cells per mouse in saline solution)
were injected to animals intramuscularly (i/m) in a vo-
lume of 0.1 ml or intravenously (i/v) in a volume of
0.2 ml (experimental metastasis). rBV and rBV/IFN
were injected intratumorally (i/t) three times on the 10",
13" and 15" days of tumor growth at a dose 5- 107 pfu
per mouse in a volume of 0.1 ml.

To investigate the experimental metastasis rBV and
rBV/IFN were administered i/v at the same dose three
times on the 10", 13" and 15" days and intranasally at
dose 4 - 107 pfu per mouse five times on the 10", 13"
16", 19" and 22" days after transplantation of cells
MM-4 for therapeutic purposes. For nasal injection the
virus was slowly delivered as a bolus into the nostrils
using a standard micropipette («Eppendorf», Germa-
ny) in a volume of 0.05 ml.

Ten mice in each group were used in experiments in
vivo. The experiment was repeated twice. The dynamics
of tumor growth in mice was investigated by measuring
the tumor diameter every 2 days. The number of meta-
stases was calculated on the 28" day after transplanta-
tion of tumor cells. Volume of tumors and metastases in
mm’ was determined by the formula V'=D’-0.52, whe-
re V' —volume of metastases; D — diameter of a single tu-
mor or metastasis.

Statistical analysis. Statistical data processing was
performed by the Student #-test or nonparametric U-crite-
rion Wilcoxon-Mann-Whitney using STATISTICA 6.0.

Results and discussion. We studied IFN produc-
tion by MM-4 cells transduced by rBV and rBV/IFN
with different MOI in vitro. Concentration of mouse
IFN-beta in culture medium of the transduced cells was
determined by standard micromethod on antiviral acti-
vity. L929 cells and VSV were used as a test-system. It
was found that the level of [FN-beta production depends
on the dose of rBV/IFN. It was shown, that rBV with-
out IFN gene does not induce endogenous IFN in MM-
4 cells (Table).

Production of recombinant IFN by melanoma cells
resulted in a significant dose-dependent inhibition of
cell growth compared to the control (cells transduced
by rBV and untreated cells). In this case we observed
an increase in doubling time of cells, a decrease in the
number of cells in the phase of mitosis and a decrease in
expression of the proliferation antigen Ki-67 (Table).

Our results showed that the level of expression of
Ki-67 protein in the untreated MM-4 cells and those
transduced by rBV did not differ and on average was
96 % of cells. The percentage of Ki-67-positive cells
48 h after their transduction by rBV/IFN MM-4 cells
was 39 %. These data indicate that exactly IFN-beta re-
duces proliferative potential of cells.

Morphological studies showed that the transduc-
tion of melanoma cells by rBV did not affect their mor-
phology, but after transduction of MM-4 by rBV/IFN
the cells we observed more epithelial-like morphology
with increasing cell size and growth area.

Antibodies to IFN-beta showed that untreated and
transduced by rBV MM-4 cells did not synthesize re-
combinant protein and 8.5 = 1.5 % of cells synthesized
IFN 20 h after rBV/IFN transduction (Fig. 1). This
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Fig. 1. The expression of re-
combinant murine IFN-be-
ta in the MM-4 cells trans-
duced by rBV and rBV/IFN:
A — MM-4 control (untrea-
ted cells); B — MM-4/rBV;
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Fig. 2. A —inhibition effect of the recombinant mouse IFN-beta on platting efficiency of MM-4 cells in vitro (MOI 100 pfu/cell; *p <0.001 compa-
red to control); B — analysis of the size of the colonies formed by MM-4 cells on substratum (*p < 0.001; **p < 0.005 compared to control); / —
large colonies (> 50 cells); 2 — middle colonies (21-50 cells); 3 — small colonies (10-20 cells)
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Fig. 3. A — colony-forming activity of MM-4 in semisolid agar (*p <0.005 compared to control); B — analysis of the size of the colonies formed by
MM-4 cells in semisolid agar (*p < 0.001; **p < 0.005 compared to control). MM-4 control — untreated cells; MM-4/rBV — MM-4 cells,
transduced with rBV(MOI 200 pfu/cell); MM-4/rBV/IFN — MM-4 cells, transduced with rBV/IFN (MOI 200 pfu/cell); / — large colonies (> 50
cells); 2 — middle colonies (21-50 cells); 3 — small colonies (10-20 cells)

suggests that only a small percent of the cells synthesi-
zing recombinant IFN can cause significant biological
and phenotypical changes in tumor cells.

Our in vitro study of some biological parameters,
which can indicate autonomy and tumorigenicity in
transduced melanoma cells, showed that transduction
of cells by rBV/IFN significantly inhibited the platting
efficiency of cells and their ability to form colonies in
semisolid agar (Fig. 2, 3).
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It is important, that IFN-transduction 10-fold in-
hibited both the number of cell colonies and quantity of
large colonies in semisolig agar (Fig. 3). Our investiga-
tion of the colony-forming activity (CFA) of tumor cells
showed that transduction of these cells by rBV/IFN resul-
ted in significant inhibition of tumorigenicity of cells.
The levels of CFA inhibition of MM-4 cells are IFN
dose-depending: a higher titer of IFN production leads
to the greatest reduction in CFA of tumor cells — up to



SUPPRESSION OF TUMORIGENICITY AND METASTATIC POTENTIAL OF MELANOMA CELLS

16007
g ] /;///
Em 1//
g 1200 : //;//
S 500 /)
g / / T
7 /
‘_‘2 i ///f// l
=S 400 _— {/ 3
] e
12 14 16 18 20 22

Day after injection of tumor cell's

Fig. 4. Kinetics of melanoma growth in mice after i/m injection of
MM-4 cells: 1-blue — MM-4 control (untreated cells); 2-red —
MM-4/tBV (MM- 4 cells, transduced with rBV; MOI 100 pfu/cell);
3-green — MM-4/rfBV/IFN (MM-4 cells, transduced with rBV/IFN;
MOI 100 pfu/cell)

20 times compared to control at MOI 200 pfu/cell (at
MOI 100 pfu/cell the data on CFA of transduced MM-4
cells are not shown). It is also obvious that the antitu-
mor activity of IFN-transgene expression was of para-
crine nature and prolonged in time, because the inhi-
bition of clonal cell growth was observed for at least 2
weeks after the transduction and antiproliferative ef-
fect of IFN-transgene spread on all the cells in the cultu-
re, and not only on the IFN-producing cells.

Thus, these data suggest that the transplantation of
IFN-producing tumor cells transduced by rBV/IFN in
vivo can result in a gradual increase in local concentra-
tion of IFN in the area of the injection of these cells and
inhibition of tumor growth.

In the second series of experiments the effect of
rBV/IFN on tumorigenicity and character of melanoma
growth was examined under condition of the i/m admi-
nistration of cells. The studies have shown that trans-
duction of MM-4 cells with rBV/IFN significantly in-
hibits the kinetics of melanoma growth in mice (Fig. 4).

In the control mice the tumor growth was registered
in 100 % of mice already on the 8—10 days after trans-
plantation, while the tumor growth in mice injected
with the cells transduced by rBV/IFN on the 18 day was
absent.

Tumors also occurred in all mice of this group later,
but the inhibition of tumor growth on the 22 day com-
pared to control amounted to 61.3 = 18.6 %. In the cont-
rol mice the MM-4 tumor volume was 1569 + 292 mm’,
whereas in the animals of experimental group with

tBV/IFN —only 607.8 = 191mm’ (p < 0.02). These data
suggest that the presence of small quantities of tumor
cells producing [FN-beta is attended with a significant
inhibition of tumor growth.

It was important to research whether rBV/IFN
transduces the tumor cells MM-4 under the in vivo con-
dition and to determine the therapeutic effect of rBV/
IFN after its injection directly in tumor tissue.

In two independent experiments we revealed that
tumorigenicity of cells (% of mice with tumor), as well
as kinetics of tumors growth after i/t rBV/IFN admi-
nistration did not differ from those in the mice of control
group. These data suggest that i/t injection of rBV/IFN
did not result in antitumor effects of IFN, possibly be-
cause in vivo the tumor cells were not transduced by
rBV/IFN or the number of cells capable to produce
IFN-beta was extremely low compared to the tumor si-
ze — by the 10" day of tumor growth the malignant cells
can exceed 10°.

The study showed that the transduction of melano-
ma cells by rBV/IFN reduced their metastatic ability,
which manifested in a decrease in the volume of meta-
stasis by 5 times and the number of metastases by 10 ti-
mes compared to control (Fig. 5). Moreover, metastasis
formed in 80 % mice of this group.

Therapeutic i/v administration of rBV/IFN on the
10", 13" and 15" days after i/v MM-4 cells transplan-
tation results in significant inhibition of growth of meta-
stases in lungs of mice: a decrease in the volume of me-
tastasis by about 7 times and the number of metastases
by 10 times (Fig. 6). In this case, metastasis wasn’t ob-
served in 10 % of mice.

Interestingly, IFN in blood of mice injected by rBV/
IFN or by its transduced MM-4 cells was not detected.
This indicates that IFN realized antimetastatic effects
by its local production in metastatic lesions. Based on
the fact that micrometastases in lungs of mice by the
10" day after injection of melanoma cells were already
formed, we consider that i/v introduction of rBV/IFN
directly induced the regression of metastases number
and volume. The mechanisms of this process may inclu-
de the activation of nonspecific and specific circuits of
the immune system, direct inhibition of tumor cell pro-
liferation and inhibition of neoangiogenesis.

Thus, these data suggest that the transplantation of
[FN-producing tumor cells transduced by rBV/IFN in
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Fig. 6. Inhibition of metastatic melanoma growth in the lungs of C57BL/6 mice at therapeutic i/v introduction of rBV/IFN: / — MM-4 (control —

untreated cells); 2 — MM-4 untreated cells + i/v introduction of rBV/IFN

vivo can lead to a gradual increase in local concentra-
tion of IFN in the area of the injection of these cells and
to the inhibition of tumor growth.

At the same time, a fivefold intranasal injection of
rBV/IFN does not reduce the metastatic potential of
MM-4 cells: the number of metastases in control and ex-
perimental groups does not differ significantly (data
not shown).

Conclusions. 1. Transduction of melanoma B16
MM-4 cells by rBV/IFN is followed by synthesis and
production of biologically active [IFN-beta which leads
to inhibition of their proliferative and tumorigenic po-
tential in vitro and in vivo.

2. rBV did not induce IFN in melanoma cells and
did not inhibit their proliferation and tumorigenicity.
Such a virus (at a dose of less than 10° pfu) did not indu-
ce IFN at the system level and showed no antitumor ac-
tivity after in vivo introduction.

3. Transduction of melanoma cells with rBV/IFN
inhibits their ability to form solid tumors and metasta-
ses in the lungs of mice.
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4. Introduction of rBV/IFN i/t or i/n does not affect
tumor growth and metastasis, but this agent significant-
ly inhibits the growth of metastatic nodes in the lungs
when introduced i/v.
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[TpurHiYeHHs OHKOTCHHOCTI 1 METaCTaTHYHOTO HOTEHIIaIy

KIIITHH METaHOMH METOJIOM TPAaHCIAYKIIT iX reHoM iHTepdepony

0. 0. JTuxosa, [0. M. Kynpsseus, H. O. Besnenexuux, H. 1. Cemeciox,
1. M. Anamenxko, A. JI. Bopornosa

Pestome

Mema. Busuennsi inziOysanibHo2o egpexmy mpancoykyii KiimuH mena-
HOMU MUl peKOMOIHAHMHUM OaKyI08IPYCOM 3 2eHOM iHmeppepo-
Hy-6ema muwi in vitro ma in vivo. Memoou. J[ocnioxcenns npogedeno
Ha modeni menanomu muwi B16 (xnimunna ninis MM-4) 3 euxopucman-
HHAM MPAHCOYKYIL KAIMUH peKOMOIHAHMHUM OAKYI08ipyCcOM, IMYHO-
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YUMOXIMIUHO20 aHaANizy ma Memooie d0Caiodicents 06ionoeii nyxaunnor
kaimunu. Pesynemamu. Tpancoykyis knimun MM-4 pexombinanmuum
bakynosipycom 3 2enom IOH-6ema muwi npuz600ums 00 3MiH MOpPO-
JI02TT NYXAUHHUX KITMUH, NPUSHIYeHHs KIIMUuHHOI nponighepayii, 3Hay-
HO20 [IH2IOYBAHHS NOCAOKOBOI eheKMUBHOCME MA KOJLOHIEYMBOPIOGATIb-
Hol' akmueHocmi y Hanigpiokomy azapi. Kpim mo2o, mpancoykyis Kiimum
menanomu MM-4 6axyrosipycom 3 cenom IOH-bema npueniuye onko-
2EHHICMb [ MemacmamuyHutl nomenyian Kiimun in vivo. Buympiwmnso-
6eHHe 88e0eHHsl PEKOMOIHAHMHO20 OAKYIOBIPYCHO20 6EKMOpA 3 2eHOM
I®PH-b6ema incibye picm memacmaszie MeAHOMU 6 e2eHAX MULLel, AKUM
BHYMPIUHbOBEHHO 86€0€HO NYXAUHHI Kiimunu. Bucnosku. Tpancoykyis
KAIMUH MELAHOMU MUULL PEKOMOTHaHMHUM 6aKynosipycom 3 2eHom IO H-
bema muwi npueHiuye iXHill nponigepamusHul NOMeHyial, a maKkoxic
OHKO2EHHY [ MemacmamuyHy aKmueHiCms.

Kurouosi crnosa: inmepghepon, pexombinanmuuii 6axynogipyc,
MPaHCcOYKYiA, KAIMUHU MENAHOMU, OHKO2EHHICMb, Memacma3sy8anHsi.

IlomaBneHre OHKOTEHHOCTH U METACTaTUYCCKOTO IMMOTEHIINAIA

KJIETOK MEJIAaHOMBI METO/IOM TPAHCIYKIUH UX TeHOM HHTepdepoHa

A. A. Jluxosa, 10. U. Kynpssen, H. A. be3neHexxHbIx,
H. U. Cemectok, . H. Anamenxo, A. JI. Boponmosa

Pesrome

Iens. Usyuenue uneubupyowezo sghpexma mpancoykyuu Kiemox
MENAHOMbL MbIULU PEKOMOUHAHMHBIM OAKYI0BUPYCOM C 2EHOM UHmMED-
Gepona-bema mvtuu in vitro u in vivo. Memoowt. Hccreoosanue npo-
6edeno na mooenu menanomvl mviuiu Bl6 (knemounasn runus MM-4) ¢
UCNONB306AHUEM MPAHCOYKYUU KIEMOK PEKOMOUHAHMHBIM OaKy1068U-
PYCOM, UMMYHOYUMOXUMUHLECKO20 AHATU3A U MEMOO08 UCCIe008AHUs
buonoeuu onyxonesou kiemru. Pesynomamot. Tpancoykyus kiemok
MM-4 pexombunanmuvim 6akyiosupycom ¢ eenom UO@H-6ema moi-
W nPUBOOUM K USMEHEHUSM MOPPOL02ULU ONYXONEBbIX KIEeMOK, N00d-
GIIEHUIO KIEMOYHOU Npoaughepayuul, 3Ha4UmeIbHoMy UHSUOUPOBAHUIO
NnOCaoounoU P PexmueHocmu u KOIOHUEoOPAzyIoOUell AKMUBHOCIU 6
noayscuokom azape. Kpome mozo, mpancoykyus Kiemox meaaHomol
MM-4 baxyrosupycom c eenom UDH-6ema nooasnsiem oHKO2EHHOCHb
u Memacmamuieckuli ROMeHyual Kiemoxk in vivo. Buympueennoe se-
Oenue peKoMOUHANMHO20 DAKYI08UPYCHO20 6ekmopa ¢ 2enom MDH-
bema uneubupyem pocm memacmazos MeiaHoOMbl 6 1e2KUX Mblulel, Ko-
MOPLIM 6HYMPUBEHHO 68e0€Hbl ONYXoesble Kiemku. Boteoowt. Tpanc-
OYKYuUst KIemoK MelaHOMblL MbIUUU PEKOMOUHAHMHBIM OAKYI08UPYCOM
¢ eenom UDH-bema mulwu nodasnsem ux npoaudepamueHulil nomeH-
Yuan, OHKO2EHHOCHb U MEMACMAMUYecKylo aKmugHoCb.

Knwouesvie cnosa: unmepghepon, pexombuHanmuulii 6aKyi08u-
pyc, mpancoOykyus, KiemKku MeiaHoMbl, OHKO2EHHOCTb, Memacma-
3uposanue.
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