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ABSTRACT

Acute respiratory distress syndrome (ARDS) is a critical state of the body characterized by severe hypoxemia and multiple organ failure. One of
the organs that is most often additionally affected due to the systemic inflammatory reaction that occurs in the lungs during ARDS is the kidney.
It is known that mesenchymal stem cells (MSCs) can exhibit nephroprotective effects due to their anti-inflammatory and immunomodulatory
abilities, but the mechanisms of such therapeutic effects require further elucidation.

THE PURPOSE is to analyze macrophage polarization in the damaged kidneys of rats with modeled ARDS following the transplantation of hu-
man umbilical cord-derived MSCs.

MATERIALS AND METHODS. Seventy-two sexually mature male Wistar rats were randomly divided into nine groups: intact animals, 3 days, 7
days and 28 days after ARDS modeling, control-MSC and four correction groups: 24 h ARDS + 2 days MSCs, 4 days of ARDS + 3 days of MSCs,
14 days of ARDS + 14 days of MSCs, 21 days of ARDS + 7 days of MSCs. ARDS was modeled by intranasal administration of lipopolysaccha-
ride (LPS) at a dose of 5 mg/kg. A suspension of MSCs was obtained from the umbilical cord of a healthy donor after a normal delivery by an
enzymatic method and administered intraperitoneally at a dose of 1 million cells/kg of body weight. For immunohistochemical determination
of the total number of macrophages, pro-inflammatory M1 and anti-inflammatory M2 cells, monoclonal antibodies to CD68, CD86 and CD163
were used, respectively, and the percentage of visual fields occupied by the immunoprecipitate was calculated.

RESULTS. Comparative analysis of the percentage of areas occupied by the immunoprecipitate with the corresponding antibodies showed a
statistically significant increase in the total number of macrophages (3.8-fold on day 3 of ARDS, 2.8-fold on day 7 of ARDS and 2.4-fold on
day 28 of ARDS, respectively), as well as a sharp increase in pro-inflammatory M1 (8.8-fold on day 3 of ARDS, 4.9-fold on day 7 of ARDS, and
4.8-fold on day 28 of ARDS, respectively) and a moderate increase in the percentage of anti-inflammatory M2 cells (1.9-fold on day 3 of ARDS,
2-fold on day 7 of ARDS, and 1.6-fold on day 28 of ARDS, respectively) in modeled ARDS compared to intact animals. This indicates the acti-
vation of the inflammatory cascade in the kidneys caused by the development of ARDS. On the other hand, in groups of animals that received
MSC correction, a significant decrease, compared to untreated animals, in the total number of macrophages was detected (at 24 h of ARDS +
2 days of MSCs, it was 3.2 times lower than on day 3 of ARDS and > 2 times at later times of the experiment), among which anti-inflammatory
cells of the M2 phenotype predominated.

CONCLUSION. Transplanted human umbilical cord-derived MSCs have a pronounced immunomodulatory effect in the affected kidneys of rats
with acute respiratory distress syndrome, which is manifested in their ability to change the polarization of macrophages in the anti-inflamma-
tory direction.
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Acute respiratory distress syndrome (ARDS) is a critical symptom
complex caused by excessive and uncontrolled systemic inflammatory re-
sponses of the body to direct or indirect damage to the lungs. This severe
condition is associated with high mortality, which is largely explained by
the development of multisystem organ failure [1, 2]. First of all, organs
that are particularly sensitive to hypoxia are affected after lung damage
in ARDS [3-6]. Our previous studies have proven histologically and im-
munohistochemically that experimentally modeled ARDS in rats leads to
lesions of the kidney parenchyma of experimental animals [7, 8].

Inflammatory mediators involved in the course of acute kidney injury
(AKI) include a number of cytokines, such as interleukins - IL-6, IL-8;
tumor necrosis factor a (TNFa), monocyte chemoattractant protein 1
(MCP1), etc., which are released by damaged endotheliocytes, epithe-
liocytes of nephron tubules, and neutrophils involved in the lesions [9,
10]. Inflammatory cytokines, in turn, can cause further tubular damage
either directly or through the recruitment of macrophages [11]. This in-
flammatory cascade often leads to apoptosis of a large number of tubular
epithelial cells [12].

Macrophages are an important part of innate cellular immunity and
the main component of the mononuclear phagocyte system. In addition,
they are present in almost every organ of adult mammals, where they play
an important role in maintaining tissue homeostasis [13]. CD68 is a wide-
ly used pan-macrophage marker of both human and animal monocytes
and macrophages in histological sections or in flow cytometry. Macro-
phages have good plasticity and can be polarized into different pheno-
types depending on the functional state of the organ, including classically
activated pro-inflammatory M1 macrophages and alternatively activated
anti-inflammatory M2 macrophages. Antibodies to CD16, CD32, CD80
and CD86 are usually used to identify pro-inflammatory M1 cells in a kid-
ney biopsy, while the anti-inflammatory phenotype of M2 macrophages
is determined by markers CD163 and/or CD206 [14]. M1 macrophages
produce a large number of inflammatory mediators that contribute to the
immune cleansing of the body from pathogens, however, at the same
time, they cause damage to their own tissues. M2 macrophages mainly
secrete anti-inflammatory cytokines that facilitate wound healing and re-
pair of damaged tissues [15-17].

Due to the high disability and mortality, AKI still remains an important
challenge for modern medicine. Therefore, elucidating the mechanisms of
the newest corrective factors, such as mesenchymal stem cells (MSCs),
the nephroprotective effect of which we proved in our previous work [8],
is still an urgent task of biomedical science.

MSCs are a population of poorly differentiated cells that can be iso-
lated from various tissues, such as umbilical cord blood, umbilical cord,
bone marrow, adipose tissue, dental pulp, placenta, amniotic fluid, brain,
liver, spleen, etc. [9, 18]. It is known that the components of the secre-
tome of MSCs have the potential to stimulate the recovery of damaged
cells, tissues and organs, which is the basis of cell therapy, as the new-
est direction of regenerative medicine [19]. In addition, MSCs have been
proven to have anti-inflammatory and immunomodulatory properties
[18]. They are able to influence the activation of immune cells, including
macrophages, T-lymphocytes, dendritic cells, and natural killer (NK) cells
[20, 21]. MSCs obtained from perinatal material have a number of ad-
vantages compared to stem cells of an adult organism. On their surface,
there are no proteins of the major histocompatibility complex (MHC) class
I, and almost no MHC class | is expressed, which allows them to avoid
rejection by the recipient's lymphocytes [8, 18, 22]. It has been shown
that MSCs can stimulate immunomodulatory M2 macrophages, which in
turn inhibit the function of T-killers and NK-cells and activate regulatory
T-lymphocytes [18].

THE PURPOSE of our study was to analyze macrophage polarization
in the damaged kidneys of rats with modeled ARDS following the trans-
plantation of human umbilical cord-derived MSCs.
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MATERIALS AND METHODS

All manipulations with animals were carried out in accordance with
the provisions of the European Convention on the Protection of Vertebrate
Animals Used for Experimental Purposes (Strasbourg, 1986; Oslo, 2018)
and the Law of Ukraine No. 3447-1V "On the Protection of Animals from
Cruelty" (dated February 21, 2006). Permission to conduct the study was
obtained from the bioethics commission of the Ternopil National Medical
University, minutes No. 60 dated September 1, 2020.

For our experiment, 72 white male Wistar rats aged 2 months and
weighing 200-220 g were used. ARDS was modeled by intranasal ad-
ministration of lipopolysaccharide (LPS) of E. coli (Sigma-Aldrich, USA)
at a dose of 5 mg/kg. Before LPS administration, the animals were anes-
thetized with ketamine (Farmak, Ukraine) at a dose of 50 mg/kg of body
weight. The rats were randomly divided into nine separate groups accor-
ding to different time periods of ARDS:

1) intact rats — animals that were not exposed to any impact;

2) 3 days of ARDS - animals removed from the experiment on the 3%
day after LPS administration;

3) 7 days of ARDS - animals removed from the experiment on the 71
day after LPS administration;

4) 28 days of ARDS — animals removed from the experiment on the
28" day after LPS administration;

5) control-MSC - intact animals removed from the experiment 3 days
after intraperitoneal injection of MSCs;

6) 24 h of ARDS + 2 days of MSCs - rats that received MSCs 24 hours
after LPS and were euthanized 2 days after that;

7) 4 days of ARDS + 3 days of MSCs - rats that received MSCs 4 days
after LPS and were euthanized 3 days after that;

8) 14 days of ARDS + 14 days of MSCs - rats that received MSCs 14
days after LPS and were euthanized 14 days after that;

9) 21 days of ARDS + 7 days of MSCs - rats that received MSCs 21
days after LPS and were euthanized 7 days after that [8].

Such time periods for the experiment were chosen according to the
different stages of ARDS progression [5, 8]. In the MSC-treated groups,
animals were sacrificed at different time intervals after MSC transplanta-
tion (2 days in group 6, 3 days in group 7, 14 days in group 8, and 7 days
in group 9) for comparative analysis with the respective animal groups
(2-4) that did not receive MSC correction. The experimental points of 14
days of ARDS + 14 days of MSCs and 21 days of ARDS + 7 days of MSCs
were chosen to determine a more effective timing of MSCs administra-
tion at the late stage of ARDS development (fibrosis/resolution phase)
[8]. Animals in the control-MSC group were euthanized 3 days after MSC
injection to assess the mid-term effects of MSCs.

A suspension of human umbilical cord-derived MSCs was admi-
nistered by intraperitoneal injection at a dose of 1x10° cells/kg rat body
weight. In the MSC-injected groups, animals were euthanized at various
times after MSC injection to allow comparison with the corresponding
groups that did not receive stem cell therapy. A detailed procedure for ob-
taining, culturing and characterizing the immunophenotype of cell culture
is presented in our previous publications [5, 8].

Terminal anesthesia was performed by intraperitoneal injection of a
lethal dose of thiopental sodium — 150 mg/kg (Kyivmedpreparat, Ukraine).
Kidney tissue samples were fixed in 10 % neutral buffered formalin, pro-
cessed using a LOGOS One tissue processor (Milestone Medical, USA)
and embedded in paraffin BIOWAX 52/54 (BioGnost Ltd., Croatia). 5 pm
sections were obtained using a rotary microtome AMR 400 (Amos Scien-
tific, Australia).

Evaluation of macrophage subpopulations in kidney tissues was car-
ried out using immunohistochemical staining. Paraffin-embedded tissue
sections were deparaffinized, rehydrated, and subjected to heat-induced
antigen retrieval. 3 % hydrogen peroxide was used to block the activity
of endogenous peroxidase. Mouse monoclonal antibodies to CD163 —
a marker for identifying anti-inflammatory M2 macrophages (Novus
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Biologicals, USA), murine monoclonal antibodies to CD86 — a marker for
proinflammatory M1 macrophages (Novus Biologicals, USA), and rabbit
polyclonal antibodies to CD68 — a general marker for macrophages (Ab-
cam, USA), as well as Mouse/Rabbit PolyVue™ HRP/DAB detection sys-
tem (Diagnostic BioSystems, USA) were used to detect different subpop-
ulations of macrophages. Sections were additionally counterstained with
Mayer's hematoxylin. Kidney samples were examined under an Eclipse
Ci-E light microscope (Nikon, Japan) and photographed using an M3C-
MQOS 14000 camera (Sigeta, Ukraine) and Toup View software (ToupTek
Photonics, China).

RESULTS AND DISCUSSION

Immunohistochemical detection of the common macrophage marker
CD68 in the kidneys of intact rats showed a weak reaction (% FOV =7.1 +
0.65 %) in the areas of the mesangium of Malpighian bodies and peritu-
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To quantify the percentage of the area occupied by macrophage cells,
540 fields of view (FOV) (60 fields of view for each group of animals)
were analyzed at 100x magnification. The resulting images were pro-
cessed using the ImageJ software (Wayne Rasband, USA) and the "Ana-
lyze particles" plugin. The mean (M), standard error (m), and standard
deviation (o) were calculated for each group of data. The significance of
the difference between groups was determined using the Student's t-test
for normally distributed data. Differences were considered significant at
p < 0.05.

bular interstitium and slightly more intense positive staining in the area
of large vessels. M2-phenotype cells predominated among the detected
macrophages (% FOV = 5.2 + 0.52) (Fig. 1 A).

CD86* CD163*

M2 macrophages

e

Fig. 1. Representative photomicrographs of kidney sections of rats from the intact group (A), rats from the 3-day ARDS group (B), rats from the 7-day
ARDS group (C), and rats from the 28-day ARDS group (D) stained by immunohistochemistry. CD68, CD86 and CD163 are shown in brown.

Magnification x200.
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On the 3 day of the experiment, in the ARDS group without correc-
tion, after staining with anti-CD68 antibodies, the maximally large num-
ber of intensively immunostained perivascular spaces both around the
tubules of the nephrons and in the Malpighian bodies were detected in
comparison with intact animals (% FOV = 27.6 + 1.24) (p < 0.001). Such
a sharp increase in the number of macrophages was associated, first of
all, with the recruitment of blood monocytes to the damaged areas and
their transformation into a pro-inflammatory CD86* phenotype (% FOV =
17.5 + 1.55). The percentage of areas occupied by CD163* M2 cells also
increased compared to the control, but was almost twice lower than that
of M1 macrophages (% FOV = 9.8 + 1.03) (p < 0.001) (Fig. 1 B).

On the 7™ day of ARDS development, a less intense CD68 immu-
nopositive staining of the walls of small vessels and the intercellular
space was detected than on the 3" day of pathology (% FOV = 19.8 +
0.55), but it remains 2.8 times higher compared to intact animals. Also, at
this time of the experiment, a change in the distribution of macrophages
towards the anti-inflammatory M2 type was observed (% FOV = 10.5 +
0.48), while the expression of CD86 became weaker than on the 3 day
of ARDS (% FOV =9.8 + 0.61) (p < 0.001), but remained 4.9 times higher
compared to the control group (p < 0.001) (Fig. 1 C).

When staining for CD68 in animals of the 28-day LPS group, a pro-
nounced immunopositive reaction was detected in the areas of vessels
of the microcirculatory vascular bed and perivascular space (% FOV =
16.9 £ 0.78). As for the distribution of M1/M2 macrophages, their ratio at
this time point was almost the same (% FOV = 9.5 + 0.81 and 8.4 + 0.64,
respectively) (Fig. 1 D).

Comparing the groups of animals with ARDS without correction and
after MSC therapy, a significant decrease in the number of macrophages
in the threated groups was recorded, which was manifested in a decrease
in the expression of CD68, as well as CD86 and CD163, respectively.

In animals of the control-MSC group, the distribution of macrophages
in the kidneys was not significantly different from intact rats (Fig. 2 A,
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Fig. 3). In the group of 24 h of ARDS + 2 days of MSCs, a reduced amount
of precipitate immunostained for CD68 was observed compared to the
group of 3 days of ARDS (% FOV = 8.5 + 1.03) (p < 0.001). In addi-
tion, the expression of CD163-positive cells prevailed at this time of the
experiment, which indicates the ability of MSCs to shift the polarization
of macrophages in the anti-inflammatory direction (% FOV = 5.7 + 0.98)
(p < 0.001) (Fig. 2 B, Fig. 3).

At 4 days of ARDS + 3 days of MSCs, a similar picture was observed
as in the animals of the 24 h LPS + 2 days of MSCs group. The number
of macrophages was lower than in the untreated group at 7 days of ARDS
(% FOV =9.5 £ 1.13) (p < 0.001) due to a decrease in both pro-inflam-
matory and anti-inflammatory cells (% FOV = 3.5 + 1.18 and 5.5 + 1.07,
respectively) (p < 0.001) (Fig. 2 C, Fig. 3).

Animals in the group 14 days of ARDS + 14 days of MSCs also had
an obvious effect of MSC injection on the restoration of kidney structures,
which was manifested in a decrease in the intensity of immunoprecipi-
tation according to the pan-macrophage marker (% FOV = 8.1 + 0.88)
(p < 0.001), compared to animals of the group 28 days of ARDS without
correction and distribution of macrophage subpopulations with a pre-
dominance of CD163* cells (% FOV = 4.2 + 0.86) (p < 0.001) (Fig. 2 D,
Fig. 3).

In the group of animals 21 days of ARDS + 7 days of MSCs, a similar
distribution of macrophages with a pronounced M2-immunophenotype
was detected (% FOV = 5.2 + 1.05) (Fig. 2 E, Fig. 3).

In the group of control-MSC rats, no statistically significant dif-
ference in the distribution of macrophages was observed compared to
intact animals. At 24 hours of ARDS + 2 days of MSCs, the total number
of macrophages (CD68* cells) significantly decreased (3.2 times) com-
pared to the group of animals of 3 days of ARDS (p < 0.001). However,
statistically significant differences with the group of intact animals were
not found.
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Fig. 2. Representative photomicrographs of kidney sections of rats in the control-MSC group (5), rats in the group 24 hours of ARDS + 2 days of MSCs (6), rats
in the group 4 days of ARDS + 3 days of MSCs (7), rats in the group 14 days of ARDS + 14 days MSCs (8), rats of the group 21 days of ARDS + 7 days
of MSCs (9) stained by the method of immunohistochemistry. CD68*, CD86* and CD163* cells are shown in brown. Magnification x 200
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Fig. 3. Quantitative analysis of the area occupied by macrophages in histological sections of rat kidneys.

Notes: * — differences are significant compared to the group of intact animals, p < 0.001;
# — differences are significant compared to the experimental groups of animals without MSC treatment at the respective observation times, p < 0.001.
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The number of M1 and M2 macrophages decreased by 5.7 times and
1.7 times, respectively, compared to the untreated group of rats on day
3 of ARDS (p < 0.001). In the group of animals of 4 days of ARDS + 3
days of MSCs, the percentage of the area immunostained by the pan-
macrophage marker was increased by 1.3 times compared to the control
(p < 0.001), but significantly decreased (by 2.1 times) compared to the
results of the group of 7 days of ARDS (p < 0.001) . The area occupied by
M1 and M2 macrophages at this time point was greater than the level of
intact animals (by 1.8 (p <0.001) and 1.1 times, respectively (not statisti-
cally significantly different)), but significantly smaller than in animals of
the untreated group (by 2.8 and 1.9 times, respectively) (p < 0.001).

In animals at 14 days of ARDS + 14 days of MSCs, the number of M1
macrophages remained slightly increased, compared to the intact group
(by 1.9 times) (p < 0.001), while a statistical difference in the number
of CD68* and CD163+ cells compared to intact animals was not found.
However, when analyzing the results of the time points of 14 days of
ARDS + 14 days of MSCs and 21 days of ARDS + 7 days of MSCs, a sharp
decrease in the total number of macrophages (> 2 times) was observed
compared to animals in the group of 28 days of ARDS without correc-
tion (p < 0.001). The percentage of pro-inflammatory M1 (by 2.6 and 3.6
times, respectively) and anti-inflammatory M2 cells (by 2 and 1.6 times,
respectively) also decreased (p < 0.001) (Fig. 3).

Comparing the results obtained in groups with MSC correction at dif-
ferent times of the experiment, it became obvious that the therapeutic
effect of MSCs was practically independent of the stage of ARDS deve-
lopment. It is known that ARDS proceeds in 3 stages: early — exudation,
middle — fibroplasia and late — stage of fibrosis or resolution [8, 23].
Therefore, when planning the experiment, correction terms were chosen
at different stages of the development of the pathology. However, the ob-
tained results indicate that the distribution of macrophages in the kidneys
of rats with modeled ARDS after MSC transplantation was close to control
values, regardless of the time of administration (Fig. 3).

It is known that allogeneic or xenogeneic stem cells stay in the re-
cipient's body for 5-7 days, during which they exert their corrective ef-
fect, mainly paracrine, migrating to areas of inflammation and secreting
biologically active substances in affected tissues and organs. Then they
accumulate in the liver and are eliminated by resident macrophages [24,
25]. However, even after the elimination of transplanted stem cells, their
corrective effect is manifested for a longer time, as shown in the group of
animals 14 days of ARDS + 14 days of MSCs.

In our previous studies, we demonstrated the positive effect of human
umbilical cord-derived MSCs on the regeneration of renal structures, res-
toration of the functional state of the organ, and a pronounced antifibrotic
effect in the kidneys of rats during the same period of the experiment [8].

In experimental models and human biopsies, interstitial and glomeru-
lar infiltration by macrophages can be detected in almost all types of acute
and chronic kidney injury [26]. Li et al. (2022) during an immunohisto-
chemical study of the kidneys in a mouse model of AKI caused by trau-
matic rhabdomyolysis observed a significant infiltration of macrophages
with a predominance of the M1 macrophage marker CD86 and the pro-
inflammatory cytokine IL-6 in the mice of the experimental group after 6 h

www.transplantology.org

of decompression compared to the group of control animals. While the
expression of the surface marker M2 CD206 and the anti-inflammatory
cytokine IL-10 was significantly reduced [27].

In their study, Liu et al. (2023) used a murine model of HUN induced
by ischemia-reperfusion injury to investigate the involvement of macro-
phage polarization in renal injury and repair. They found that M1 macro-
phages play a key role in the early stage (first day) of renal injury through
their pro-inflammatory effects, while M2 macrophages are predominantly
involved in the later phase (7 days), contributing to the recovery process
[6].

The data of other researchers regarding the corrective effect of MSCs
on the distribution of macrophage subpopulations in the kidneys do not
contradict our results. Zhang et al. (2022) investigated that the trans-
plantation of human umbilical cord-derived MSCs significantly improved
kidney function in rats with diabetic nephropathy (at 7 and 8 weeks of
development of the pathology), reduced the levels of local and systemic
inflammatory cytokines, and weakened the infiltration of renal tissues by
inflammatory cells. In addition, umbilical cord-derived MSCs shifted the
polarization of macrophages from the pro-inflammatory M1 phenotype
to the anti-inflammatory M2 (at 9 and 10 weeks of the experiment) [22].

Xie et al. (2022) in a murine model of ischemia-reperfusion AKI using
the immunofluorescence method established an increase in the popula-
tions of M1 (F4/80*/HLA-DR*) and M2 (F4/80+/CD206*) phenotypes of
macrophages in the kidneys on the 15t and on the 3" day of AKI. Adminis-
tration of exosomes isolated from allogeneic bone marrow-derived MSCs
decreased the percentage of infiltrating M1 cells and induced an increase
in M2 macrophages on the 3 day of AKI [28].

Ren et al. (2020) observed that human amniotic epithelial cells repro-
grammed macrophages to switch from a pro-inflammatory M1 to an anti-
inflammatory M2 state in a murine ischemia-reperfusion model of AKI on
the 7™ day of the experiment. This shift was associated with increased
levels of IL4 and IL13 and decreased levels of TNFa and IFNy, which in
turn helped reduce the inflammatory response [29].

Our previous work also showed a pronounced immunomodulatory ef-
fect of MSCs in the affected liver in experimentally modeled ARDS. Under
the influence of this corrective factor, the transformation of M1 macro-
phages into M2 cells occurred, which contributed to the reduction of the
inflammatory environment in the affected organ and the strengthening of
regenerative processes [30].

Collino et al. (2020) analyzed that the number of macrophages in the
kidneys of Wistar rats changed dramatically under conditions of ischemia-
reperfusion injury and after correction with extracellular vesicles (EB) of
stem cells. A 200-fold increase in the levels of M1 macrophages in the
kidney of rats after modeled ischemia-reperfusion was shown, while the
administration of exosomes from induced pluripotent stem cells (iPSCs)
from human skin fibroblasts reduced this indicator to the level of intact
animals. At the same time, the number of M2 macrophages in experi-
mental kidney injury increased by 3 times compared to the intact group,
and correction using EB with iPSCs led to an even greater increase in this
indicator (2.4 times) compared to the experimental group [31].

Our study revealed the immunomodulatory anti-inflammatory effect of human umbilical cord-derived MSCs, which was manifested in a change in
the polarization of macrophages in affected kidney tissues in rats with acute respiratory distress syndrome model. The transplantation of MSCs
contributed to the transformation of pro-inflammatory M1 macrophages to the anti-inflammatory M2 phenotype. The established facts shed light
on the mechanism of the therapeutic effect of the studied stem cells. This demonstrates that cell therapy using perinatally derived human MSCs
is a promising approach for the treatment of acute kidney injury, including that caused by ARDS.
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3mina monsapusanii MakpodariB y HUpKax mypis 3
TOCTPUM PecCHipaTOPHUM AUCTPEC-CMHAPOMOM 32 YMOB
TPAHCIUIAHTAI[il Me3eHXiMaIbHUX CTOBOYPOBUX KITiTUH
IYIIOBVIHY TIOJVHUA

ITamiit I. P, Josramok A. 1., Kpamap C. b., Kopga M. M.

Teproninvcokuii HayioHanvHuil meouunuii ynisepcumerm imeni I. . Iopbauescvkozo MO3 Ypainu, Teproninv, Yepaina

locTpuii pecripatopHnii anctpec-cuHgpom (FPLAC) — kpuTuyHuii cTaH opraHiamy, L0 XapakTepu3yeTbCa BaXKOK0 TiMOKCEMIE Ta NoiopraH-
HOI0 HegocTatHicTio. OgHUM i3 OpraHiB, akuii Han4acTilue JOAATKOBO BPAXAETbCS BHACILOK CUCTEMHOI 3ananbHOI peakuii, 1o BUHUKAE B
nerensix npu MPLC, € Hupku. Bigomo, 1o MynbTUNOTEHTHI Me3eHXiMasbHi cToBOYPOBI KniTuHu (MCK) MOXYTb NposBAATA HEPPONPOTEKTOPHY
Jit0 3aBASKN NPOTU3ananbHii 1a IMyHOMYAY0K0Yill 34aTHOCTI, OfJHAK MEeXaHi3Mu Takux TepaneBTNYHNUX eqhekTiB noTpebyoTb A0AATKOBOIO
3'ACyBaHH.

META — BcTaHoBUTY Mapkepy Moaspu3aLii Makpogbaris y MoLIKOKEHNX HUPKaX LLypiB 3i 3mozesoBanum MPLC 3a ymoB TpaHcnnanTayii MCK
yMOBUHN JIOAUHY.

MATEPIAJIA | METOLN. Cimaecat ABox cTateBo3pinux camyi wypis Wistar paHgomizoBaHo po3ginum Ha €8’ Tb rpyn: IHTaKTHI TBApuHu, 3
n06n, 7 #i6 i 28 #i6 nicns mogemtoBanHs [PLC, koHTponb-MCK i yotnpu rpynn kopekuii: 24 rog IPLAC + 2 gobn MCK , 4 obu MPAC + 3 gobn
MCK, 14 gi6 TPLC + 14 gi6 MCK, 21 go6a MPLC + 7 ai6 MCK. IPLC mogentoBany 3a JOMOMOrot0 iHTPpaHa3aabHOro BBEAEHHS ninonosicaxapm-
A4y (/I11C) y posi 5 mr/kr. Cycnengito MCK otpumyBanu 3 nynoBuHy 350p0BOr0 JOHOPA MiC/Isi HOPMAabHUX MO0rIB (hePMEHTATUBHUM METOL0M
74 BBOAWY LLYpaM BHYTPILIHbOOYEPEBUHHO B [03i 1 MIH. KIITUH/KI mMacy Tina. [nisi iMyHOricTOXIMIYHOrO BUSHAYEHHS 3arasibHoi KinbkocTi
Makpogbaris, nposananbHux M1 1a npotnsananbuux M2 cy6rnonynauivi BUKOPUCTOBYBAIN MOHOK/IOHAbHI aHTuTina o CD68, CD86 i CD163,
BIZINOBIAHO, Ta PO3PAxX0BYBa/N BICOTOK M/10LL 10JIIB 30PY, 3aNMHATUX IMYHONPEYNITITATOM.

PE3YJIbTATU. [lopiBHANbHUIA aHaMI3 BIfCOTKIB MIOLY, 3aHATUX [IMYyHONPEUnniTatom 3 BiAMOBIGHUMY AHTUTIAMMU, N0KAa3aB CTaTUCTUYHO
JO0CTOBIPHE 3p0CTaHHS 3aranbHoi KinbkocTi Makpogparis (y 3,8 pasu Ha 3-t0 goby PLC, 2,8 pasu Ha 7-y 506y PLC 1a 2,4 pasu Ha 28-y jo6y
TPLIC, BinnoBigHo), a Takox piske 36inbLueHHs npo3anansHux M1 (y 8,8 pasis Ha 3-t0 goby PLC, 4,9 pasis Ha 7-y goby PLC 1a 4,8 pa3is
Ha 28-y poby PLC, BianoBifHo) Ta NOMIpHe MiABULLEHHSA BIgCOTKA npoTudananbHux M2 knitud (y 1,9 pasu Ha 3-w0 goby PLC, 2 pasu Ha
7-y Boby PLC ta 1,6 pasu Ha 28-y goby PLC, BianosigHo) npy 3moaensoBaHomy PLC nopiBHAHO 3 iHTaKTHUMU TBapuHamu. Lle cBigynThb
PO aKTUBALIitO 3ananbHOro0 Kackagy y Hupkax, 3ymosneHy po3sutkom [PLC. Hatomicts, y rpynax TBapuH, ski otpumany kopekyito MCK,
BUABJIA/IU 3HAYHE 3MEHLLIEHHS, MOPIBHAHO 3 HEJTIKOBAHMM TBAPUHAMMU, 3arafibHOI KinlbKOCTI Makpocgbaris (Ha Tepmini 24 rog MPLC + 2 sobn MCK
Y 3,2 pasu Hmx4e Hix Ha 3-10 406y MPLC Ta > 2 pa3un Ha MisHiLLi TEPMIHAX eKCIEPUMEHTY), CEPEA IKNX NepeBaxany npoTu3ananbHi KIitnHn
M2-cbeHoTuny.

BUCHOBOK. TpaxcninaHtoBaHi MCK nynoBuHN JIOANHN YUHATE BUPAXKEHY iMYyHOMOAY/OYY Jit0 B YPAXEHNX HUPKaX LypIB i3 3MOAe/b0Ba-
HUM TOCTPUM PECTIPATOPHUM AUCTPEC-CUHAPOMOM, LU0 NPOABIAETLCA Y 34ATHOCTI BIAMBATA HA 3MIHY NOspu3auii Mmakpogbaris y npotu-
3ananbHui OIK.

KJIOYO0BI CJI0BA: rocTpuii pecripatopHui UCTPEC-CUHAPOM, YPaXKEHHS HUPOK, Me3eHXiMasbHi cToBOYPOBI KnituHu, M1 1a M2 makpogarn
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