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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 α (TNFα), 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 
II, and almost no MHC class I 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.

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-IV "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 3rd 

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

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

28th 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 1×106 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 μm 
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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RESULTS AND DISCUSSION

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-
MOS 14000 camera (Sigeta, Ukraine) and Toup View software (ToupTek 
Photonics, China).

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-

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 100× 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 (σ) 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).

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 3rd 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 7th 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 3rd 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 3rd 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

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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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.

CONCLUSION

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 

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 1st and on the 3rd 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 3rd 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 7th day of the experiment. This shift was associated with increased 
levels of IL4 and IL13 and decreased levels of TNFα and IFNγ, 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].
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Зміна поляризації макрофагів у нирках щурів з 
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РЕЗЮМЕ

Гострий респіраторний дистрес-синдром (ГРДС) – критичний стан організму, що характеризується важкою гіпоксемією та поліорган-
ною недостатністю. Одним із органів, який найчастіше додатково вражається внаслідок системної запальної реакції, що виникає в 
легенях при ГРДС, є нирки. Відомо, що мультипотентні мезенхімальні стовбурові клітини (МСК) можуть проявляти нефропротекторну 
дію завдяки протизапальній та імуномудулюючій здатності, однак механізми таких терапевтичних ефектів потребують додаткового 
з’ясування.

МЕТА – встановити маркери поляризації макрофагів у пошкоджених нирках щурів зі змодельованим ГРДС за умов трансплантації МСК 
пуповини людини.

МАТЕРІАЛИ І МЕТОДИ. Сімдесят двох статевозрілих самців щурів Wistar рандомізовано розділили на дев’ять груп: інтактні тварини, 3 
доби, 7 діб і 28 діб після моделювання ГРДС, контроль-МСК і чотири групи корекції: 24 год ГРДС + 2 доби МСК , 4 доби ГРДС + 3 доби 
МСК, 14 діб ГРДС + 14 діб МСК, 21 доба ГРДС + 7 діб МСК. ГРДС моделювали за допомогою інтраназального введення ліпополісахари-
ду (ЛПС) у дозі 5 мг/кг. Суспензію МСК отримували з пуповини здорового донора після нормальних пологів ферментативним методом 
та вводили щурам внутрішньоочеревинно в дозі 1 млн. клітин/кг маси тіла. Для імуногістохімічного визначення загальної кількості 
макрофагів, прозапальних М1 та протизапальних М2 субпопуляцій використовували моноклональні антитіла до CD68, CD86 і CD163, 
відповідно, та розраховували відсоток площ полів зору, зайнятих імунопреципітатом.

РЕЗУЛЬТАТИ. Порівняльний аналіз відсотків площ, занятих імунопреципітатом з відповідними антитілами, показав статистично  
достовірне зростання загальної кількості макрофагів (у 3,8 рази на 3-ю добу ГРДС, 2,8 рази на 7-у добу ГРДС та 2,4 рази на 28-у добу 
ГРДС, відповідно), а також різке збільшення прозапальних М1 (у 8,8 разів на 3-ю добу ГРДС, 4,9 разів на 7-у добу ГРДС та 4,8 разів 
на 28-у добу ГРДС, відповідно) та помірне підвищення відсотка протизапальних М2 клітин (у 1,9 рази на 3-ю добу ГРДС, 2 рази на 
7-у добу ГРДС та 1,6 рази на 28-у добу ГРДС, відповідно) при змодельованому ГРДС порівняно з інтактними тваринами. Це свідчить 
про активацію запального каскаду у нирках, зумовлену розвитком ГРДС. Натомість, у групах тварин, які отримали корекцію МСК,  
виявляли значне зменшення, порівняно з нелікованими тваринами, загальної кількості макрофагів (на терміні 24 год ГРДС + 2 доби МСК 
у 3,2 рази нижче ніж на 3-ю добу ГРДС та ≥ 2 рази на пізніші термінах експерименту), серед яких переважали протизапальні клітини  
М2-фенотипу.

ВИСНОВОК. Трансплантовані МСК пуповини людини чинять виражену імуномодулюючу дію в уражених нирках щурів із змодельова-
ним гострим респіраторним дистрес-синдромом, що проявляється у здатності впливати на зміну поляризації макрофагів у проти-
запальний бік.
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