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Glioma-associated microglia/macrophages (GAM) represent an attractive therapeutic target for the
development of the alternative methodology in the treatment of gliomas. This study was aimed to investi-
gate the effect of intranasally administered TLR3 agonist Larifan on microglial cell metabolic profile in rats
with C6 glioma. Our results demonstrate progressive generation microglial cell population with immunosup-
pressive and pro-inflammatory properties in C6 glioma-bearing brain. Intranasally delivered TLR3 agonist
is capable to abrogate the creation of this pro-tumoral immune infiltrates, probably, through the effect on
myeloid-derived suppressor cells, and can be considered as a promising agent for glioma therapy aimed the

GAM re-education.
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liomas account for more than 70% of pri-
G mary brain tumors, and the vast majority of

those tumors are highly malignant glioblas-
tomas. Glioblastomas (GB) are extremely aggressive
brain tumors with a very poor prognosis [1]. In spite
of substantial advances that were achieved over the
past several decades in the treatment of many ma-
lignant neoplasms, GB remains essentially untrea-
table [2]. Meaning, that most therapeutic approaches
targeting tumor cells have failed. GB is heavily in-
filtrated with myeloid cells, mainly brain-resident
microglia and peripheral phagocytes, that are col-
lectively referred to as glioma-associated microglia/
macrophages or “GAM” [3, 4]. Up to 30% of the
cells in GB tissue are GAM [5]. GB cells promote
metabolic shift of GAM to the immunosuppressive,
proinvasive phenotype with the expression of M2
markers: arginase 1 (Argl), interleukin 10, CD206
etc. These polarized GAM play a crucial role for
GB sustained growth and invasion [6]. Unlike can-
cer cells, stromal cells within the tumor microenvi-
ronment including GAM are genetically stable and
therefore represent an attractive therapeutic target

with minimum risk of resistance and/or tumor re-
currence. There are currently two types of methodo-
logical approaches in the glioma treatment targeting
GAM. First approach aims physical elimination of
GAMs and abolishment their protumoral effects.
There are reports concerning the successfully ap-
plied GAM ablation for the cancer treatment [7].
However, not all GAM subpopulations are protu-
moral, therefore complete GAM elimination may be
undesirable. The second approach aims to re-educate
GAM or reprogram them toward a tumour-suppres-
sive phenotype. One can suggest that re-education
of these cells, rather than ablation per se, may be
an effective strategy for treating GB [8, 9]. Different
substances are considered as a polarizing agents for
tumor-associated phagocytes, including agonists of
pattern-recognizing receptors, like CpG oligodeoxy-
nucleotides (CpG-ODN), polyinosinic:polycytidylic
acid (polyl:C), toll-like receptor (TLR) 9 ligand,
TLR 7/8 agonists etc [10, 11]. Among others, TLR3
agonists are considered “safe” agonists for the use in
GB immunotherapy, because as a result of their use,
the tumor is generally inhibited in the absence of tu-
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mor promotion [12]. TLR3 agonists up-regulate ex-
pression of both programmed death-ligand (PD-L)1
and PD-L2 on glioma cells followed by cell cycle
arrest and apoptosis induction and prime the tumor
microenvironment for antitumor immune response
[13, 14].

There are two main routes for the drug delive-
ry to brain tumor: direct-to-brain and systemic.
However, direct-to-brain drug delivery has serious
limitations due to its traumatic effect. The blood-
brain barrier (BBB) is a substantial obstacle for the
systemic introduction of the drugs including im-
munotherapeutic preparations. Intranasal route is
considered as an alternative way. This route has a
number of advantages: BBB ceases to be an obstacle,
the method is noninvasive and is easily repeatable
[15, 16]. This study was aimed to investigate the ef-
fect of intranasally delivered TLR3 agonist Larifan
on microglial cell metabolic profile in rats with C6
glioma. Larifan contains TLR3 agonist - natural ori-
gin dsRNA. The preparation has an interferonogenic
and immunomodulatory properties. It exhibited an
antitumoral effect in the investigations with experi-
mental tumor models [17, 18].

Materials and Methods

Animals. C6 glioma model. Study design. In
vivo studies were performed on Wistar male rats
(n = 30, 40-50 g). Animals were bred in the viva-
rium of the Educational and Scientific Centre “Insti-
tute of Biology and Medicine” of Taras Shevchenko
National University of Kyiv, and were maintained
on a standard diet at 25 £ 1 °C. Experiments were
conducted in accordance with the standards of the
Convention on Bioethics of the Council of Europe’s
‘Europe Convention for the Protection of Vertebrate
Animals’ used for experimental and other scientific
purposes (1997), the general ethical principles of
animal experiments, approved by the First National
Congress on Bioethics in Ukraine (September 2001).
Animal protocol was reviewed and approved by the
Taras Shevchenko National University animal wel-
fare committee according to the Animal Welfare Act
guidelines.

The C6 glioma tumor cell line was kindly pro-
vided by National Bank of Cell Lines and Trans-
planted Tumors of R.E. Kavetsky Institute of Ex-
perimental Pathology, Oncology and Radiobiology
of National Academy of Sciences of Ukraine. The
cells were cultured in vitro in RPMI medium (Sig-
ma, USA) supplemented with 10% fetal calf serum,

2 mM I-glutamine and 40 mg/ml gentamycin at
37 °C in humidified atmosphere with 5% CO,. Be-
fore the surgery, rats were anesthetized (intraperi-
toneally) with ketamine (0.1 mg/g animal) and se-
dazine (0.02 mg/g animal). Tumor cells (5x10° in the
volume of 50 pl) were transplanted intracerebrally
in the left parietal zone (the anterior lobe of the left
lateral ventricle) at a distance of 3 mm from sinus
sagittalis to avoid intracranial bleeding, according
to a stereotaxic atlas. After transplantation of tumor
cells, the experimental animals were randomized by
weight and distributed in three groups with ten ani-
mals per group: group 1 — intact animals, group 2 —
animals with transplanted C6 glioma, group 3 — ani-
mals with C6 glioma and injected intranasally with
Larifan (Larifan Ltd) at a dose of 200 pg daily for
23 days. Animal behavior was monitored daily, body
weight for each rat was recorded 3-5 times a week. In
a day after the cessation of Larifan introduction (on
24" day after tumor cell inoculation) animals were
sacrificed. C6 glioma cell cycle analysis and micro-
glia cell phenotype examination were conducted on
14" and 24" days after tumor cell transplantation.
Metabolic characteristics (phagocytosis and oxida-
tive metabolism) of microglia were examined at the
time of experiment cessation (24" days after tumor
cell transplantation).

Cell cycle assay. Cell cycle and DNA content
analysis was conducted using the BD Cycletest As-
say according to the manufacturer’s instruction (BD
Biosciences, San Jose, CA). To analyze cellular DNA
content by flow cytometry, isolated from tumor tis-
sue C6 glioma cells (>10° cells) were washed in
phosphate-buffered saline (PBS) twice. After this,
cells were suspended in 1 ml of propidium iodide/
Triton-X 100 staining solution (20 pg/ml PI1, 0.1%
Triton-X 100, 0.2 mg/ml ribonuclease A (RNase A,
Sigma) in PBS) and incubated 30 min at room tem-
perature in the dark. The DNA content was then ana-
lyzed by flow cytometry (FACScan, BD Bioscience).
The proliferation index (P1) was used to present cell
proliferation activity Pl (%) =S + G2 + M.

Microglia cell isolation. Microglia cells were
isolated on day 14 and day 24 of the experiment
as described by Matthew G. Frank [19] with slight
modifications. Rats were euthanized by i.p. injec-
tion of 200 pl pentobarbital-sodium (Narcoren,
Pharmazeutischen Handelsgesellschaft), brain was
rapidly extracted on ice, hippocampus was dissec-
ted and perfused using a phosphate buffered saline
(PBS). Isolated tissue was gently dissociated in
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ice cold PBS supplemented with 0.2% glucose for
15 min at room temperature with the use of Potter
homogenizer. Homogenate was filtered through a
40 nm cell strainer (BD Biosciences Discovery) for
additional tissue shredding and then was transferred
to a 15 ml tube and centrifuged at 350 g for 10 min at
room temperature. Homogenate was then suspended
in 1 ml of 70% isotonic Percoll solution. 1 ml of 50%
Percoll solution was softly layered on top of the 70%
layer, and 1 ml of PBS solution was then layered on
top of the 50% Percoll layer. Density gradient was
centrifuged for 40 min at 1200 g. After centrifuga-
tion, the layer at the interface between the 70% and
50% Percoll phases contained highly enriched mi-
croglia was aspirated and cells were washed twice
in PBS by centrifugation. Purity of isolated micro-
glia was estimated by flow cytometry with the use
of fluorescein isothiocyanate (FITC) mouse anti-rat
CD11b (BD Pharmingen™) and phycoerythrin (PE)
mouse anti-rat CD45 (BD Pharmingen™). The pro-
portion of CD11b+CD45+ cells was 89.79 + 2.47%.
Cell viability was determined by Trypan blue exclu-
sion test. The proportion of viable cells was < 92%.
ROS assay. Reactive oxygen species (ROS)
levels were measured using 2'7'-dichlorodihydrofluo-
rescein diacetate (carboxy-H,DCFDA, Invitro-
gen) [20]. Carboxy-H,DCFDA is converted to
impermeable oxidized green-fluorescent form by the
activity of ROS the cell. 2x10° microglial cells were
incubated with PBS containing 10 uM carboxy—
H2DCFDA for 30 min at 37 °C in the dark. The cells
were then transferred to polystyrene tubes with cell—
strainer caps (Falcon, Becton Dickinson) and ana-
lysed with flow cytometry (excitation: 488 nm, emis-
sion: 525 nm). Only living cells, gated according to
scatter parameters, were used for the analysis.
Phagocytosis assay. The flow cytometry
phagocytosis assay was performed as described by
Cantinieaux et al. [21] with slight modifications.
Staphylococcus aureus Cowan | cells (collection
of the Department of Microbiology and Immunolo-
gy of ESC “Institute of Biology and Medicine” of
Taras Shevchenko National University of Kyiv) were
grown on beef—extract agar and subsequently were
heat inactivated and FITC labeled. The stock of
FITC-labeled S. aureus at a concentration of 1x107
cells/ml in a volume of 5 ul was added to 2x10° mi-
croglial cells. A tube with cells only served as a
negative control. All probes were incubated at 37 °C
for 30 min. At the end of the assay, phagocytosis was
arrested by the addition of cold stop solution (PBS
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with 0.02% EDTA and 0.04% paraformaldehyde).
Fluorescence of phagocytes with ingested bacteria
was determined by flow cytometry. The results were
registered as phagocytosis index that representing
the mean fluorescence per one phagocytic cell (in-
gested bacteria by one cell).

Immunofluorescence labeling. PE anti-CD80
antibodies) and Alexa Fluor 647 labeled anti-CD206
antibodies (Abcam) were used to determine the
mean fluorescence intensity (MFI) of CD206 and
CD80 on microglial cells on 14" and 24" days of ex-
periment. The antibodies were added (5 pl) to the
samples (50 ul). The cells were incubated for 25 min
at room temperature. Samples were then analyzed
by FACSCalibur flow cytometer (BD Biosciences,
San Jose, CA, USA). The data were analyzed using
CELLQuest software (BD; Franklin Lakes, NJ,
USA).

Statistical analysis. All experimental results
are reported as mean = SD. Statistical significance
of the results was determined by Student’s t-test.
Means were compared and differences were conside-
red significant at P < 0.05 or less.

Results and Discussion

Intranasal Larifan delivery affect C6 glioma
cell cycle. Taking into account the fact that there are
no unambiguous recommendations regarding dosing
and time schedule for the use of TLR agonists in
cancer treatment [22, 23], we have used prolonged
treatment schedule accompanied by the examination
of DNA state of C6 gilioma cells isolated from tumor
tissue as well as by the investigation of phenotypic
profile of GAM at different time points within the
course of treatment. Additionally, we have charac-
terized the effect of intranasally delivered TLR3
agonist on animal behavior and body weight. For the
first 14 days of C6 glioma growth, tumor-bearing
animals were characterized by lowered body weight
in comparison with intact animals. Docile behavior
and decreased activity were also observed. All rats
treated with Larifan had active behavioral state, their
body weight was moderately higher than that in their
untreated counterparts until 14" day of observation
(Fig. 1). The first deaths (n = 2) were registered in
the control group on 14" day in contrast to the Lari-
fan-treated group, where the onset of animal death
(n = 2) was observed on day 20 of the experiment
(data are not presented). At the end of the observa-
tion period (24" days after tumor cell transplanta-
tion), statistically significant differences between
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Fig. 1. Body weight of C6 glioma bearing rats
treated with Larifan. 5x10° C6 glioma cells were in-
tracranially implanted on day 0. Starting from day 1
to day 23, C6 glioma-bearing rats were treated i.n.
with PBS (C6 glioma group) or Larifan at a dose of
200 ug daily (C6 glioma + Larifan group). * The
differences are statistically valid compared to the
intact animals (t-test; P < 0.05); # the differences
are statistically valid compared to C6 glioma group
(t-test; P < 0.05)

body weight of animals in control tumor-bearing
and treated groups has not been established (Fig. 1).
All tumor-bearing animals presented instability in
walking, hemiplegia, cachexia and eye conjunctival
congestion which are typical for quickly growing C6
glioma [24].

Analysis of DNA state in C6 glioma cells re-
vealed that treatment with Larifan was associated
with significant decrease of proliferative fraction
in tumor tissue: Pl in treated animals was 3.8 times
lower than that in control tumor-bearing rats at day
14, and 1.9 times lower — at 24" day (Table, Fig. 2).
As TLR3 is frequently expressed by various types
of malignant cells and can directly trigger tumor
cell apoptosis, we can’t exclude the direct antipro-
liferative effect of Larifan on C6 glioma cells [25].

In addition, the inhibition of C6 glioma proliferative
activity can be stipulated by the effect of the drug on
tumor microenvironment including GAM [26].

Phenotypic profile of microglial cells in C6-
glioma bearing rats in the course of treatment with
Larifan. As mentioned above, GAM, like other
tumor-associated phagocytes, display M2-like
functional profile, that is characterized by reduced
functional maturity (decreased CD14 expression), in-
creased expression of immunosuppressive cytokines,
up-regulated arginase activity along with lowered
NO production [27, 28]. According to general ideas,
these cells are not efficient at antigen presentation,
and express low levels of MHC a co-stimulatory
molecules. In accordance with data from different
research groups, they can exibit reduced or aug-
mented phagocytic activity along with up-regulated
expression of M2 phenotypic markers such as the
mannose receptor (CD206) and the hemoglobin/hap-
toglobin scavenger receptor (CD163) [29, 30].

In our experiments, distinct expression of key
M1 and M2 phenotypic markers on GAM have been
registered at different time points of the course of
glioma growth (Fig. 3, A and B). Phenotypic profile
of microglial cells were affected by the treatment
with Larifan. Microglial surface expression level of
CD206 in C6 glioma-bearing rats on day 14 after
the tumor cell transplantation was 2.7 times higher
than that in intact animals (Fig. 3, A). Treatment
with Larifan, that was associated with substantial
reduction of C6 glioma cell proliferative activity at
this time point, was accompanied by the significant
decrease of surfase expression of this M2 marker
in C6 glioma-bearing animals. By the 24" day, the
difference between levels of CD206 expression in
microglia of intact animals and animals with C6
glioma was less significant (Fig. 3, B). In animals
treated with Larifan, expression of this M2 marker

DNA state of microglial cells in C6 glioma-bearing rats treated with Larifan

Animal group GO0/G1, % G2/M, % S, % S+ G2/IM, %
14" day after C6 glioma cell transplantation
C6 glioma, n=8 89.82 +1.25 514 +0.12 504 + 1125 10.18 + 1.245
Larifan-treated, n = 8 97.99 + 0.69* 1.08 + 0.28* 1.34+0.45 2.70 £0.14*
24" day after C6 glioma cell transplantation (end of experiment)
C6 glioma,n=8 85.85 + 0.42 6.31+ 110 783+ 152 1414 + 0.42
Larifan-treated, n = 8 93.50 + 1.06* 240+0.24 4.06 + 1.27 751 +£0.18*

* The differences are statistically valid compared to the intact animals (t-test; P < 0.05)
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Fig. 2. Representative histogram overlay for DNA state of C6 glioma-bearing rats treated with Larifan.
A — control tumor-bearing rats; B — tumor-bearing rats treated with Larifan

didn’t differ significantly from that of untreated tu-
mor-bearing rats at this time point. It was associated
with lowered antiproliferative effect of the drug and
was accompanied by the onset of mortality of ani-
mals. One can suggest, that at this time point there
is a redistribution of cell populations in the microglia
with a decrease in the fraction of the alternatively
activated (M2) CD206+ mononuclear phagocytes.
Surface expression of co-stimulatory mole-
cules CD80 is mainly considered as a characteristic
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of M1 functional skew of activated microglial cells
with tumor-suppressive properties. Overexpression
of CD80 is commonly associated with down-regu-
lation of M2 markers such as CD206 [31]. Unex-
pectedly, our experiments revealed significant pro-
gressive increase of surface microglial expression
of CD80 in C6 glioma-bearing animals along with
overexpressed CD206 (Fig. 3). Treatment with Lari-
fan, that was associated with the retardation of C6
glioma cell proliferation, was accompanied by the
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Fig. 3. Surface expression of CD206 and CD80 by microglial cells of C6 glioma-bearing rats after treatment
with Larifan. Microglial cells were isolated at 14" (A) and 24" (B) days after the tumor cell inoculation, and
were examined for mentioned marker expression by flow cytometry. The results are expressed as the percenta-
ge of control; microglial cells from intact animals with an MFI of 153.9 for CD206 and 639.8 for CD80 were
defined as 100%. * The differences are statistically valid compared to the intact animals (t-test; P <0.05);
# the differences are statistically valid compared to the untreated tumor-bearing animals (t-test; P < 0.05)
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substantial reduction of CD80 surface expression.
Immune infiltrates of glioma-bearing brain is repor-
ted contain three subpopulations of CD11b+CD45+
myeloid cells: resident CD11b+CD45'"" microglia
cells, recruited CD11b+CD45"9" macrophages and
CD11b+CD45"9"Grl+ myeloid-derived suppres-
sor cells (MDSC) [32, 33]. Though, just MDSC are
characterized by the CD80 overexpression in tu-
mor microenvironment, and this cell fraction rises
gradually in the course of tumor growth [34]. Within
this experiments, we were unable to differentiate
mentioned above three subpopulation of microglial
cells in C6 glioma-bearing rat brain.

However, one can assume that CD80 over-
expression in analyzed microglia cells occured at
the expense of increased MDSC fraction. Further
studies are warranted to confirm this assumption.
Our assumption is indirectly supported by the re-
sults from animals which were treated with Larifan.
Surface microglial expression of CD80 in animals
from this group was significantly lower than that in
untreated animals. CD80 expression is one of the
markers that correlate with suppressive function of
MDSC. Down-regulation or preventing CD80 ex-
pression on MDSC delay tumor growth [35]. It has
been shown that TLR3 agonists provoke the conver-
sion of tumor-associated MDSC into mature mac-
rophages with tumor-suppressive properties and
down-regulated co-stimulatory molecule expression
[36, 37]. In our experiments, treatment with TLR
agonists Larifan was also associated with the retar-
dation of proliferative activity of tumor cells along
with the decrease of CD80 expression level in the
population of microglial cells. It provides grounds to
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assume treatment with Larifan exerts negative effect
on MDSC.

ROS generation and phagocytic activity of mi-
croglial cells in C6-glioma bearing rats after treat-
ment with Larifan. ROS generation is linked to the
classical (pro-inflammatory and tumor-suppressive)
microglia activation [38, 39]. At the same time,
ROS production is one of the key immunosuppres-
sive mechanisms of MDSC. Increased ROS genera-
tion in MDSC is a result of up-regulated activity of
NADPH oxidase in these cells, that in turn is media-
ted by tumor-derived factors [35, 40]. In our experi-
ments, ROS generation was significantly elevated in
C6 glioma-bearing rats in comparison with intact
animals (Fig. 4, A). Treatment with Larifan resulted
in down-regulation of this process. As mentioned
above, systemically introduced TLR3 agonists are
capable to induce the differentiation of MDSC into
mature macrophages with the loss of immunosup-
pressive properties [36]. Such differentiation is ac-
companied, among other things, by a decrease in
the NADPH oxidase activity and, as a consequence,
by a decrease in the ROS synthesis [41]. One can
suggest, that ROS decrease in microglia cells from
tumor-bearing rats treated with Larifan is stipulated
by MDSC inhibition.

Phagocytosis is one of the fundamental proper-
ties of all subpopulations of GAM. According to
“dead cell clearance hypothesis”, pro-tumoral phe-
notype of tumor-associated phagocytes including
GAM s characterized by the increased phagocytic
activity [42]. Moreover, increased phagocytic activi-
ty is characteristic for MDSC and correlates with
overexpression of PD-L1 and immunosuppressive

180 B
160 *
140
120 —
100
80
60
40
20
0

H

Phagocytic activity, MFI

Intact animals, C6 glioma, C6 glioma + Larifan,
n=10 n=8 n=8

Fig. 4. ROS generation (A) and phagocytosis (B) in microglial cells of C6 glioma-bearing rats after treatment
with Larifan. * The differences are statistically valid compared to the intact animals (t-test; P <0.05); # the
differences are statistically valid compared to the untreated tumor-bearing animals (t-test; P < 0.05)
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properties of these cells [43]. In our experiments,
phagocytic activity of C6 glioma-bearing animals
was moderately higher than that in intact rats (Fig. 4,
B). Treatment with Larifan resulted in slight de-
crease of microglia phagocytosis. Along with other
results, it can indicate the overcome of immunosup-
pressive properties of GAM.

Our results demonstrate progressive generation
microglia population with immunosuppressive and
pro-inflammatory properties in C6 glioma-bearing
brain as indicated by phenotypic and functional in-
dices of these cells. We postulate that MDSC pre-
dominate in this heterogenous cell population. This
is in accordance with the findings of Brandenburg
et al. [33] as well as Gieryng with colleagues [44].
Intranasally delivered TLR3 agonist Larifan is ca-
pable to abrogate the creation of this pro-tumoral
immune infiltrates, probably, through the effect on
MDSC, and can be considered as a promising agent
for GB therapy aimed the GAM re-education. Our
results also indicate that short-term (not more than
14 days) course of TLR agonist is more effective
than prolonged one (in our experiment — for 23 days)
as positive alteration in phenotypic and functional
characteristics of analysed microglial cells as well
as statistically significant decrease of tumor cell PI
were registered on day 14 of the experiment. The
determination of most effective treatment schedule
as well as the estimation of the efficacy of Larifan
use in combined therapy of C6 glioma are planned
in our further studies.

This manuscript has not been previously pub-
lished and is not under consideration in the same or
substantially similar form in any other peer-reviewed
media.
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approved the manuscript and this submission. To the
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I'mnomaacconumpoBaHHBIE ~ MUKPOTJIHUsS/Ma-
kpodaru (IAM) sABIATOTCS TMPHUBICKATEIBHON Te-
pamneBTUYECKON MUIIICHBIO ISl pa3paboTKH ajabTep-
HaTUBHOTO METO/Ia JIeYeHH TITroM. Llenpro paboTht
OBIJIO WCCIIEZIOBAaHWE BIUSHHUS HWHTPaHA3aJIBHOTO
BBenmeHus aronncta TLR3 mpenapara Jlapudan na
MeTabOoTMICCKUH TPOPHITHL MUKPOTITHAIBHBIX KJe-
TOK KpbIc ¢ riauomor C6. Pe3ynpTaThl mpoBeleH-
HBIX HAaMH WCCIEIOBAaHUN 3aCBHJIETEIHCTBOBAIH
nporpeccuBHOe (OPMUPOBAHHE B TOJIOBHOM MO3Ie
B YCJIOBUSIX POCTa TJIMOMBI TIOMYJISIITAN MUKPOTIIH-
aTBHBIX KJIETOK C MMMYHOCYTIPECCUBHBIMH U TIPO-
BOCHAJIUTEJIBHBIMU CBOMCTBaMU. MHTpaHa3ajdbHOE
BBEJIcHHE O3HaueHHoro aronucrta TLR3 npensr-
CTBYeT (hopMHPOBAaHWIO UMMYHHOTO HH(IIBTpaTa
C UMMYHOCYIIPECCUBHBIMHU CBOWCTBAaMH, BEPOSITHO,
3a CYeT BIIMSHUS Ha MHEIOWJIHBIE CyINpPECCOPHBIE
KJIETKH. DTO JTaeT OCHOBAaHMS paccMaTpUBATh Ipe-
napar Jlapudan B kauecTBe MepCIEKTUBHOTO areH-
Ta JIUIS JISUYSHUS TIIMOM, HallpaBJIEHHOTO Ha U3MEHe-
HEe MeTabommdaeckoro mpoduirs TAM.

KnwouyeBrie cnoBa: rjimomMa, MUKPOTJIW A,
AroHHuCT peucITopa, UMMYHOTCPpAIIN .
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